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e PREFACE 








On January 29, 1956, the first installation of Automatic Electric's 
new ‘‘FW-1"’ Intertoll Switching System was cut into service in the 
New Westminster exchange of the British Columbia Telephone 
Company. This system consists entirely of step-by-step equipment. 
Its features (many of which were here used for the first time) in- 
clude: four-wire switching of transmission paths throughout; split- 
pad switching, with increase of gain on high-loss connecting trunks; 
switch-bank contacts of special metal; complete separation of puls- 
ing and supervisory circuits from the transmission paths; automatic 
camping on certain calls under delay and overflow conditions; 
centralized traffic recording; complete, self-contained, power and 
supervisory equipment; and new types of plant test facilities. 


The ‘‘FW-1"' Intertoll Switching System was developed under the 
supervision of Imre Molnar, Ph.D., Director of Telephone Switching 
Systems Development of Automatic Electric Laboratories, with the 
close co-operation of the British Columbia Telephone Company. 
Because of the great importance of this development as a contri- 
bution to toll operating techniques, we feel sure that engineering 
details of the ‘‘FW-1"’ system will be of interest to many telephone 
men. Therefore we asked the engineers who actually worked on 
the development and installation of this system to describe it for 
us—each discussing the part of the work with which he had been 
most closely associated. The result was a series of sixteen articles, 
eight of which appear in this issue of the Journal. The remaining 
articles, listed below, will be published in our next issue. 


Sender and Sender Control....................... R. T. Evans 
Miscellaneous Trunk Circuits.................... R. T. Evans 
fk eee ee re ree ry re E. J. Glenner 
Operator Training and Service.................. J. D. Logan 
Testi \S. G. Patterson 
I on 6 nd bees ein obs oe be bee heer een ns 1G. F. MacFarlane 
Pulsing and Supervisory Performance........... E. J. Glenner 
Supervisory and Signaling Circuits................ R. T. Evans 


Physical Features and Cross-Connections........ F. A. Ghiselli 








Before discussing the new “FW-1” Intertoll 
Switching System, let us consider the principles 
of intertoll switching and the requirements the 
new system was to meet, for these were the 
objectives of our development. 

These are the six fundamental requirements: 

First, a satisfactory voice transmission cir- 
cuit is to be established between calling and 
called parties. This requirement is self-evident; 
nevertheless it presents probably the most difh- 
cult engineering problems. A transmission cir- 
cuit can be considered satisfactory if it provides 
a high degree of intelligibility for speech, free 
from disturbances, is stable under all conditions, 
and if these qualities are virtually independent 
of the distance between conversing parties 
or the specific one of several possible paths over 
which the connection may have been established. 


Second, toll connections are to be established 
by dialing the called party’s number. This re- 
quires that a unique number, or ‘code’, be 
assigned to each telephone—different from the 
number of any other telephone within the 
whole system embraced by mechanized toll op- 
eration. Therefore, prior to mechanization, the 
previously separate heterogeneous areas have to 
be consolidated into a universal numbering sys- 
tem, and conforming switching systems created. 
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Third, a network of toll circuits is to be laid 
out, interconnecting various subdivisions in a 
systematic and efficient pattern, with the possi- 
bility of multiple routes between end-points 
wherever these prove to be advantageous. 


Fourth, signaling means suitable to the various 
transmission circuits and switching systems must 
be made available. Satisfactory signaling per- 
formance should be virtually independent of 
the number of switching points and of the dis- 
tance between them. Furthermore, standardiza- 
tion of signal characteristics and interchange- 
ability of different signaling means are desirable. 

Fifth, it should be possible to enlist the as- 
sistance of an operator when necessary, for the 
acceptance, establishment, supervision and 
charge control of all or only specific requests for 
toll connections, such as for station-to-station 
calls, person-to-person calls, paystation calls, de- 
layed calls, emergency calls, inward calls, con- 
ference calls, customer-dialed calls, and many 
other types of calls. 


Sixth, the system should be suitable for calls 
established by operators or by the customers 
themselves, and should permit calls to be ex- 
tended either to the called party’s telephone or 
to an operator. 


In addition to these six fundamental require- 
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ments, the following auxiliary features must be 
included: 


1) Manually controlled and automatic test- 
ing means, both for the external cir- 
cuits and for the switching equipment 


2) Access to sources of information on sub- 
scriber numbers, as well as on toll routes 
and toll charges 


3) Control means to cope with and relieve 
congestion 


4) Provision for emergency operation 

5) Means for efficient training of operators 

6) Means for thorough supervision of op- 
erators 


7) Means for automatically centralizing and 
recording detailed traffic data from 
all parts of the system 


8) Means for observing the service given to 
the customer by the plant and_ the 
operators. 


It is now apparent that, except for their ex- 
panded scope and perhaps some_ problems 
peculiar to toll operation, the requirements of 
toll switching systems are essentially the same 
as those which efficient local switching systems 
are expected to meet. Thus, the qualities which 
have invested the step-by-step system with its 
superiority for local switching—its basic sim- 











plicity, mechanical ruggedness, direct control, 
functional standardization, self-contained build- 
ing-block-like components, flexibility, and adapt- 
ibility to ever-changing .conditions, and _ its 
capability for unlimited expansion—make it the 
best also for toll switching. 

Exhaustive studies made by Automatic Elec- 
tric Company engineers, and confirmed by actual 
field experience, led to the development of the 
“FW-1L” Intertoll Switching System, based essen- 
tially on the step-by-step switching principles 
that have been proven in many thousands of 
local telephone exchanges and in other, less 
complex, toll switching systems. Essentially, the 
“FW-1” Intertoll Switching System is a straight- 
forward step-by-step system employing simple, 
directly controlled, two-motion, Strowger §se- 
lectors, and free-hunting rotary trunk-distribut 
ing switches. 

A toll switching office, like any step-by-step 
local office, is built up with several selector 
ranks according to a decimal numbering plan. 
The selectors are directly controlled by decimal 
pulsing. Because in most practical applications 
the majority of calls are switched through ranks 
where the selector numbering corresponds with 
the called station’s number, the bulk of the traffic 
volume is processed through the office by direct 
control, without calling in auxiliary devices, as 
required for “common control” operation. 
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It is well known that common-control devices 
have certain disadvantages, one of these being 
that by their use the completion of calls is in- 
herently delayed. In the design of the “FW-1” 
Intertoll Switching System the cost and other 
handicaps of common-control devices were 
avoided for all but a small fraction of the traffic; 
full advantage was taken of the inherent speed 
and economy of direct control. 


Toll trunks and “end office” switching trunks 
are connected to banks of selector ranks cor- 
responding to their place in the numbering plan. 
By using large-capacity secondary trunk-selecting 
rotary switches where required, full availability 
is obtained, for all practical purposes. 


Special attention was paid, in designing the 
“FW-I1” system, to meet all signaling require- 
ments. Within’ the central-office switching 
equipment the signaling paths were physically 
separated from the voice-carrying channels. ‘This 
measure assured that signal currents would not 
interfere with the speech circuits; conversely, 
optimum signaling performance became the 
only consideration in designing the components 
of the signal path. The signaling means were 
engineered to the optimum value required by 
the various elements of the switching system, and 
practically distortionless performance 1s_ ob- 
tained, with very wide tolerances to adjustments 
and external conditions. The signal paths were 
terminated in standardized leads, permitting 
indiscriminate interconnections, permanently 
or temporarily, with any of the usual toll signal- 
ing circuits, and providing standardized input 
and output performance of very high precision. 


Considering the requirements of network op- 
eration, a thorough analysis of the routing pat- 
tern of toll traffic made it apparent that in most 
applications it is possible to build up the great 
majority of connections directly by using only 
the digits of the called number. These connec- 
tions include the calls which terminate in the 
switching center, calls which are extended over 
direct circuits, a major portion of switched 
trafhc, and a substantial portion of alternate- 
routed trafic. This fact not only made a basic, 
straightforward, directly controlled, step-by- 
step layout economically and operationally at- 
tractive, but also suggested that for much of the 
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traffic it is feasible to select routes consecutively 
and automatically, with the same trunk-selecting 
switches as are used for the principal route, and 
without the need of any code-translating means 
and common control. 


Of course, for some of the alternate routes 
and for some of the multi-switched traffic, ad- 
dition or deletion or substitution of digits is 
required; however, special equipment to _per- 
form these operations would have to be provided 
for only that specific fraction of the traffic which 
definitely needs it. For instance, in a very large 
installation consisting of about 1000 toll cir- 
cuits and about 1800 other types of trunks, less 
than 1% of the traffic requires such special rout- 
ing equipment. This consists of forty routing 
trunks and thirteen pieces of common equip- 
ment which can be added, removed or changed 
with great ease where and when the need arises. 


In another case, the engineering of a toll 
switching office without any alternate routing 
had been finished and the equipment completely 
installed, when it was found advantageous to 
provide alternate routes to two toll circuit 
groups. Routing equipment to these groups was 
provided without any interference with the al- 
ready installed equipment, other than the ad- 
dition of a few jumper wires. 


The need for high-grade transmission guided 
every step in the design of the “FW-1” system. 
It is generally known that modern transmission 
objectives can be readily attained with four- 
wire switching of the transmission path, while to 
even approximate the same result with two- 
wire switching is difficult and leads to very 
substantial complications. Now, to provide four- 
wire switching with the toll switching systems 
in general use is rather costly, and this forced 
operating companies to forego its advantages 
and compromise on two-wire switching even 
for applications where four-wire switching 
would be needed for best results. However, in 
the “FW-1” Intertoll Switching System, four- 
wire switching is very simply accomplished at 
a cost only about five percent more than a 
similar system with two-wire switching, and 
probably at a lesser cost than a two-wire switching 
system if the same transmission performance 
were to be approximated. While the “FW-1" 














system can be made available with two-wire 
switching, simply by the omission of certain 
elements, nevertheless, considering the modest 
cost of providing four-wire switching, the 
latter is recommended for applications where 
previously it would not have been even con- 
sidered. Future years will witness further ad- 
vances of transmission technique, and central 
offices with four-wire switching will be in a 
much better position to take full advantage of 
these developments. Using four-wire switching, 
the ‘““FW-1” system provides inherent balancing, 
and many other measures that provide trans- 
mission improvement. 


To meet the occasional need for operator as- 
sistance in completing toll calls, a cordless type 
of switchboard was specially developed and com- 
pletely integrated with the “FW-1’ system. 
There were two distinctly different reasons be- 
hind the choice of cordless operation: 


1) ‘I'wenty-five years of experience with cord- 
less toll switchboards, including exhaustive 
trafhc studies, have clearly demonstrated their 
eficiency. Under average traffic conditions about 
12% fewer positions are needed than with con- 
ventional cord-type switchboards, and there is 
approximately the same reduction in the num- 
ber of operators to be employed, trained and 
supervised. ‘The effortless method of operation 
and pleasing appearance of the switchboard are 
more attractive to operators, and this is helpful 
in recruiting and in reducing personnel turn- 
over. The compact and self-contained construc- 
tion of the switchboard section, with a negligible 
amount of cabling between sections, makes addi- 
tions and rearrangements relatively easy and 
readily adaptable to almost any floor plan. 


2) Cordless operation is particularly ap- 
propriate to toll dialing. Since calls are extend- 
ed by dialing methods, there is no reason why 
the motions of plugging and disconnect should 
not be eliminated and replaced by key pulsing 
over the same switch-train. Furthermore, cords, 
jacks and key springs are notoriously the most 
vulnerable elements of the central office trans- 
mission path—and the most troublesome to main- 
tain. In the “FW-1” system these are completely 


eliminated from the transmission path and re- 
placed by high-quality relay and switch contacts. 








While it may appear to an observer that the 
calls are passing through the switchboard, ac- 
tually the transmission circuit is contained en- 
tirely within the mechanical switching equip- 
ment, and is only controlled and supervised from 
the switchboard. All this makes four-wire switch- 
ing a very simple matter, while it is cumbersome 
and costly with a cord-type switchboard. 


An added advantage is that by having the 
transmission circuit contained within — the 
switching equipment, its length can be kept 
independent of the size of and distance to the 
switchboard—which can, therefore, be installed 
in any convenient location. Incoming calls to 
the switchboard are immediately and auto- 
matically distributed to idle operators, without 
any action on their part. Equitable load dis- 
tribution among the operators, and _ correct 
sequence in answering waiting calls, can be 
assured. Incoming calls can be classified and a 
precedence in answering them can be arranged. 
Positions can be specialized for certain types ol 
traffic, either exclusively, or to accept overflow 
trafic of other types if not otherwise engaged. 
Regular positions can be employed for training 
operators, and then instantly used for normal 
trafic during peak hours. 


The toll switchboard is divided into operat- 
ing units of a size convenient for administrative 
purposes—usually forty-eight positions—but it 
can be arranged for smaller or larger units, if 
desirable. An incoming call has access to all 
links of all operators within the unit to which 
it is assigned; thus the maximum efficiency olf 
full availability is assured. The cost of the auto- 
matic call distribution system has been con- 
siderably reduced by a partial-secondary dis- 
tributing arrangement whereby calls are 
normally extended to certain preferential links 
assigned to them, but in case these links or the 
associated operators are otherwise engaged, any 
available link of the unit can be reached through 
the secondary switches. The number of sec- 
ondary switches is thus considerably reduced 
because they have to take care of overflow 
traffic only. 


All auxiliary services previously listed are, of 
course, incorporated as an integral part of the 
“FW-1” Intertoll Switching System, with many 
novel features for the first. time made available. 
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With the rapid expansion of dial operation on 
toll telephone calls since the end of the last war, 
automatic switching machines have taken over 
many of the functions previously performed by 
operators on conventional toll switchboards. One 
of the results of this mechanization or perhaps 
one of the prerequisites for its economic justifi- 
cation, was that a varying number of toll circuit 
links — from one to eight — may be used to build 
up a connection between two terminal points. 
It should be understood that the number of 
links may vary within these limits on different 
occasions, even between the same two endpoints 
and on the same type of calls, at the discretion 
of the machines and governed automatically by 
the prevailing trafic conditions. Furthermore, in 
addition to the maximum of eight links in a toll 
connection, there will usually be at least one 
more link at each end, connecting the toll offices 
with the local offices serving the calling and called 
subscribers, and there will always be one more 
link at each end connecting the subscriber’s tele- 
phone with its local office. This situation differs 
considerably from that which existed with previ- 
ously used methods of toll switching; it intro- 
duces new transmission problems requiring new 
engineering solutions. 


The Application of Two-Wire Circuits 


Except in a few special applications such as 
power-line carrier and ground-return rural lines, 
the subscriber’s telephone instrument is always 
connected by two metallic conductors to its local 
telephone office. Likewise, one pair of conductors 
is used to connect the local with the toll office, 
even though it may be equipped with loading 
coils and amplifiers. 


This pattern was followed in the beginning of 
toll telephone operation, and a pair of metallic 
conductors, or a single conductor with ground 
return, was used for interurban communications. 
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The inherent loss of metallic circuits set a limit 
to the distance over which telephone traffic was 
feasible, even with heavy-gauge conductors and 
artificial loading. Spanning of long distances 
required the use of active voice repeaters. 


Until recently all amplifiers of practical 
importance were unidirectional devices: the 
amplified speech currents were passed only in 
one direction. To obtain two-directional or 
duplex transmission, two amplifiers, one for each 
direction, had to be combined into one repeater, 
and inserted into the two-wire line at the point 
where gain was needed. As there was only one 
pair of input and one pair of output terminals 
available for the repeater, the input of each 
amplifier had to be in some way connected to the 
output of its mate. Due to the gain of the ampli- 
fiers, circulating currents established with both 
amplifiers in series would generate oscillation 
(or “singing’’) in the repeater, unless special 
circuit provisions were made to separate elec 
trically the input of one branch from the output 
of the other branch. Such a device is the hybrid 
bridge circuit. While the hybrid circuit is well 
known to transmission engineers, its essential 
principles should nevertheless be recapitulated, 
since it forms the core of the four-wire switching 
problem. 


The Hybrid Circuit 


A two-wire repeater is shown schematically in 
Figure 1. (Z) represents the impedance of the 
external line as seen from the terminals, and (N) 
is a network which should simulate the line 
impedance as closely as possib'e in the trans- 
mitted frequency range. (A) is the input 
impedance and (B) the output impedance of the 
amplifiers. The eastward and westward directions 
of transmission might have different impedance 
characteristics. 











The repeater is symmetrical about the center 
line between east and west; therefore it is sufh- 
cient to analyze one half by itself. This is shown 
in Figure 2, in a simplified form (the elements 
of a Wheatstone bridge circuit can be readily 
recognized). If the impedances 1 and 2 of the 
hybrid coil are equal and (Z = N), and if a 
generator is then connected in series with (B), 
there will be no voltage across (A): that is, the 
input of one amplifier is effectively isolated from 
the output of the other, and the repeater will 
inherently be stable in the frequency range 
where the impedance balance applies. If we 
assume, for simplicity’s sake, that all windings 
of the hybrid are equal, that Z = N = 600 ohms, 
(B) will be 1200 ohms for maximum power 
transfer. Only half of the energy delivered by 
the amplifier to windings 3, 4 is passed on to the 
line (Z); the other half is dissipated in (N). 


If a generator is connected in series with (Z) 
instead of (B), energy is received from the line. 
Assume the impedance of (A) is one-half the 
impedance of (N), 300 ohms. The impedance 
(B) reflected into winding | is 14 of B or 300 
ohms, due to the 2:1 ratio of windings 3 and 4 
to 1. Therefore half of the vo!tage across the 
input terminals of the repeater will appear 
across the input terminals to the amplifier, if 
there is no current through winding 2 and net- 
work (N). Indeed, the voltage across winding 
2 will be the same as across winding 1, but in 
opposite phase, and since the voltage across 
winding | is the same as the voltage across (A), 
the terminals of (N) are at equal potential, and 
thus no energy is dissipated in (N). Half of the 
energy delivered from (Z) to the repeater is 
passed on the amplifier input (A), and half dissi- 
pated in the opposing amplifier output (B). 


\gain, 300 ohms for (A) results in maximum 
»Hower transfer. 





Return Loss 

Now, obviously, satisfactory stability of the 
repeater depends on the degree of equality 
between line impedance and balancing network 
impedance. If there is any impedance mismatch, 
current will be reflected from one amplifier out- 
put into the input of the mate amplifier. The 
reflected current will travel back to the distant 
end of the circuit where the original current 
started out, and if the propagation time is 
appreciable it may result in undesirable echo. If 
the total gain in the echo path exceeds the total 
loss of the echo path, the circuit may even 
become unstable and sing. The impedance mis- 
match may be expressed by a quantity called 
return loss, which is the ratio, in decibels, of the 
amount of power reflected into the hybrid coil 
to the amount which goes on toward the listener. 
As line and network impedances vary with fre- 
quency, the return losses vary likewise, but for 
practical purposes a single weighted figure of 
the return losses within the transmission fre- 
quency band is used. 


Terminating Impedance 


If the repeater is inserted at an intermediate 
point along a toll line, the networks have to 
match the toll line impedances only, as seen from 
the point of insertion of the repeater. While a 
perfect match is hardly obtainable, the degree of 
approximation is in a way only a matter of cost. 
The situation is different with repeaters at the 
endpoints of the line, say the “West” terminal in 
Figure 1. Here the network (Nw) should match 
the impedance of (Zw) of the local line. Now, 
the impedance of this local circuit may vary over 
a wide range. The circuit is usually composed of 
three sections in tandem: cabling and equipment 
impedances in the toll office, the connecting 
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trunk between toll and local office, and the line 
between the local office and the telephone. 


The toll office impedance has little effect in 
small offices, while in large installations there 
may be a substantial difference between the 
different paths a call can take through the 
switching cquipment. The connecting trunk may 
have practically zero impedance if the local and 
toll offices are in the same building, or may have 
1500 ohms or more if long and with loading. 
The telephone line may likewise be very short, 
and its impedance virtually equal to the imped- 
ance of the telephone instrument, or it may be 
long, and its impedance equal to the character- 
istic impedance of the telephone line. Moreover, 
two or more telephones might be connected 
across the line in a conference, or the line might 
be entirely open after the subscriber discon- 
nected. With such an extremely wide range and 
large number of variables, a single value must 
be assigned to (N), which obviously must be a 
compromise betwen the differing conditions. 


Connecting trunks which are electrically long 
and have a reasonably stable impedance structure 
represent a fairiy constant impedance, inde- 
pendent of the length of the telephone line 
terminating them. However, a toll circuit must 
usually be switched to a variety of connecting 
trunks, and the network should balance with any 
of these. Later on we will see that there are means 
available to assign individual precision networks 
for each trunk, or to employ impedance com- 
pensation of the connecting trunks. But even 
then, unless the trunks are long, the effect of the 
variations in the terminating telephone line 
prevents a very high terminal return loss. One 
way to improve the terminal return loss of a 
connection is to insert a pad between the toll 
line and the connecting trunk, since the pad will 
tend to equalize the impedance of the connecting 
trunk as seen from the toll-line repeater. A 2 
db pad brings about a 4 db improvement in the 
terminal net loss, which is usually sufficient in 
toll offices which have no equipment and cabling 
irregularities. 


Through Switching 


When two toll lines are interconnected in a 
toll office to form a multi-link connection, another 
potential source of impedance mismatch has 
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been created. In such case, referring again to 
Figure 1, the west end of one circuit is connected 
to the east end of the other, and the two com- 
promise networks will be facing each other, with 
the switching equipment and office cabling inter- 
posed. However, as a rule, the match in this case 
is better than in the terminating condition 
described in the previous paragraphs. 


Because of the undesirable effects of mismatch 
in the hybrids, the number of repeaters which a 
two-wire connection may contain is limited; 
furthermore, the loss of each section cannot be 
less than a certain minimum value. The limita- 
tions are even more severe on the number and 
characteristics of intermediate toll switching 
offices taking part in a built-up connection. 


Four-Wire Circuits 


If the repeater shown in Figure | is cut open 
between the east and west hybrids, and then the 
hybrids moved to the east and west terminals of 
the toll circuit and interconnected by a circuit 
containing four conductors, with amplifiers in- 
serted along the route where needed, points of 
return loss are eliminated except at the two end 
points. This is, of course, the principle of four- 
wire transmission, whether over physical con- 
ductors or over separate unidirectional carrier 
channels. However, as long as switching between 
toll circuits in toll offices is carried out over two 
wires, both the incoming and the outgoing toll 
circuits must be reduced through hybrid circuits 
from four wires to two wires at each intermediate 
switching office, and the restrictions as to the 
number and characteristics of such offices in a 
built-up connection apply as before. 


The ideal situation, of course, would be to 
have unidirectional four-wire circuits in all trans- 
mission paths, local and toll, including the tele- 
phone line, up to the telephone transmitter and 
receiver. As a matter of fact, the telephone 
instrument is a four-wire device, where the input 
speech and the output sound are, apart from 
the circuit arrangement in the telephone, inde- 
pendent of each other. Now, for economic 
reasons only two-wire circuits are used in tele- 
phone lines; therefore the essentially four-wire 
circuit of transmitter and receiver is reduced by 
an arrangement which is in many respects similar 
to the one we have discussed for the two-wire 














repeater. Telephone instruments have their echo 
problems just like repeaters; the transmitter cur- 
rent reflected into the receiver is here called 
‘“sidetone”’, and represents one of the major 
factors in the transmission performance of tele- 
phones. The telephone transmitter is a sort of 
amplifier, but due to the peculiar design and 
method of use of the telephone handset, there is 
no acoustical coupling of practical importance 
between transmitter and receiver, so telephones 
are highly stable in spite of the very imperfect 
impedance balance of their four-wire termina- 
tion. Loudspeaking telephones, on the other 
hand, with a considerable amount of acoustic 
coupling between speaker and microphone, are 
unstable unless the return loss in the two-wire 
to four-wire circuit is high. Two factors con- 
tribute to the return loss: the precision of 
impedance match, and loss in the acoustic path. 


Four-Wire Toll Switching 


Whether the transmission engineer’s millen- 
nium of a complete four-wire system up to and 
including the subscriber’s telephone will ever 
materialize in commercial telephone systems is 
still obscure at the present, although it has been 
done occasionally for special applications. How- 
ever, as the great majority of long-distance toll 
traffic is being carried over four-wire circuits, the 
majority of built-up connections require inter- 
connection of four-wire circuits at intermediate 
switching points. The next logical step is, there- 
fore, the elimination of intermediate two-wire 
switching, with its undesirable transmission 
characteristics, as far as is economically feasible. 


As will be recalled, we have derived a four- 
wire circuit from a two-wire repeater, such as 
shown in Figure I, by a vertical cut through the 
center and displacing the two ends to the 
extreme west and east terminals, respectively. 
The two terminals were interconnected by four 








leads, representing a four-wire toll circuit. ‘The 
arrangement is then a four-wire circuit from end 
to end, unless in intermediate two-wire switching 
ofices the four wires have to be compressed to 
two, and again expanded into four. If, on the 
other hand, the connection should be carried 
over four physical conductors through inter- 
mediate offices, a true four-wire circuit would be 
maintained from end to end, with all points of 
return loss automatically eliminated, except, of 
course, at the two terminal points, where the two- 
wire connecting trunks are joined. 


The Directional Switching Scheme 


This is shown in Figure 3. To distinguish this 
arrangement from the network switching method 
to be described later, it will be referred to here- 
after as “directional switching’’, since a separate 
pair of leads is used throughout for each direc- 
tion of speech transmission. 


The outstanding features of four-wire switch- 
ing are: first, the elimination of impedance mis- 
match at intermediate points by the elimination 
of hybrids; second, an added gain of about 6.5 
db at each such point, also due to the elimination 
of two hybrid circuits, which, as we have seen 
before, consume over 3 db at each coil. 


Another feature is the inclusion of a hybrid 
coil at each two-wire connecting trunk. Since this 
coil is always assigned to a certain connecting 
trunk, the balancing network can precisely match 
the impedance of the associated trunk-line, thus 
greatly improving the terminal net loss. ‘Though 
this is an important advantage, it cannot always 
be fully exploited in practice. If the connecting 
trunk is short, its impedance depends to some 
degree on the impedance of the terminating tele- 
phone circuit; therefore some compromise still 
has to be made in the value of the balancing 
network, which sets a limit on the maximum 
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attainable reduction of terminal net loss. High- 
loss connecting trunks can be fairly accurately 
balanced, and some of the available excess gain 
in the four-wire terminal can be used to counter- 
act the loss in these trunks; however, the tend- 
ency is towards reducing the loss within the con- 
necting trunks themselves. Nevertheless, the 
possibility of more precision in the balancing of 
connecting trunks is a definite advantage of 
four-wire switching. 


There are certain disadvantages inherent in 
the directional switching scheme. First, there 1s 
the cost of using four conductors instead of two. 
This is, of course, inherent in any four-wire 
switching scheme, but the added cost depends to 
a large extent on the type of switching system 
used; with Strowger-type equipment it is quite 
low, and is well worth the benefits derived from 
four-wire operation. 


Second, while hybrid circuits are eliminated 
from all four-wire circuits entering the toll office, 
a hybrid circuit must be provided for every two- 
wire circuit, be it a two-wire toll line or a con- 
necting trunk or an operator trunk. Admittedly, 
there may be some large toll switching centers 
that have to take care of a volume of through 
switching trafic which is large compared with 
the volume of traffic terminating locally; in such 
cases the number of calls switched on a four-wire 
basis, not requiring a hybrid, may be larger than 
the number of calls switched to two-wire, which 
do require a hybrid. However, such applications 
are the exception rather than the rule; usually 
the local terminating trafic predominates. ‘There- 
fore, in most cases a greater number of hybrid 
circuits must be provided with directional 
switching than with a scheme where hybrids 
are associated with four-wire toll circuits only. 


Third, care must be taken that the transmis- 
sion level in the office cabling and switching 
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equipment shall be about the same in both 
branches of the four-wire circuit; otherwise cross- 
talk might occur. This precludes the use of pads 
between hybrid and trunk, or hybrid and bal- 
ancing network — a measure which would other- 
wise help to improve the terminal return loss; 
if such pads were provided, the input and output 
speech levels would be substantially different at 
the hybrid, and even more so at the switching 
equipment. With the directional switching 
scheme all pads are located within the toll-line 
terminal trunk, away from the switching equip- 
ment. Even so, due to the loss through the hybrid 
circuit, there is a difference of about 6 db 
between the transmission levels in the two 
branches, at the switches. 


Fourth, inasmuch as we have obtained a true 
four-wire circuit with separate paths for each 
direction of transmission, some special arrange- 
ment is needed if we wish to intervene at some 
intermediate point. For instance, if a switch- 
board operator with a conventional telephone 
set arranged for two-wire connections is to be 
bridged across the four-wire circuit, a rather 
complex applique is required for this purpose. 
The situation is similar with talking circuits 
for test personnel. 


The Network Switching Scheme 


The scheme which we are about to describe is 
free from the last three handicaps, but shares all 
the advantages mentioned, with some more 
added. 


Let us, for a moment, consider two-wire switch- 
ing, as shown in Figure 4. (Gw) is a voice source 
located in the west terminal. Energy is trans- 
mitted towards the east terminal. If the balance 
is perfect, half the energy from (Gw), which is 
passed through the transformer, is dissipated in 
(Nw), half flows towards (Ar) (half of the 











later is dissipated in Br) and will be amplified 
there; but nothing is dissipated in (Aw) , which 
means that there will be no echo produced. In 
practice, however, perfect balancing is impossible 
due to the switching equipment (Sw), and part 
of the energy generated at (Gw) will be re- 
flected back to (Aw). As an extreme case, 
if one of the leads in (Sw) is open, no energy 
flows to the east; two-thirds of the energy 
passed through the west hybrid is dissipated in 
(Nw) and one-third in (Aw) (assuming the 
same 2:1 impedance ratio as before) . 


First let us remove both balancing networks, 
(Nw) and (NE), and, instead, connect the 
terminals as shown in the lower part of Figure 
5. A few facts are immediately apparent. First, 
assuming that the “line” and “net” paths in 
(Sw) are identical, the bridge on the west side 
is in perfect balance (if we consider the imped- 
ance (AE) to have been sliced in two, and one- 
half, together with east winding 2, moved to the 
left hand side of the bridge (Figure 6). Under 
such conditions, there will be no potential differ- 
ence across (Aw), and no energy dissipated 
there. Perfect balance will prevail, as long as any 
change in the “line” path is accompanied by an 
identical change in the “net” path, and vice 
versa. 

Second, we may now omit (Aw) altogether, and 
follow the current flow created by (Gw) through 
windings 1 and 2 of the west hybrid coil. If we 
follow the arrows, we will discover that due to the 
reversal in the “net” path, the current converges 
in Opposite phase upon impedance A. The east 
hybrid in this condition is non-reactive, and no 
energy will be dissipated in (Ag.) Therefore, all 
energy delivered by the west hybrid will reach the 
cast amplifier input (Ag); this results, in addi- 
‘ion to freedom from echo, in a 6 db gain of the 
ircuit as compared with the two-wire case shown 

1 Figure 4. 





Third, assume (Bw) to be 1200 ohms, (AE) to 
be 300 ohms, 1:1 transformer ratios throughout, 
no energy dissipated in transformers and leads, 
slice (AE) into two parts (600 ohms each) and 
disregard impedances (Aw) and (BE), since 
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Figure 6. “‘Tail-Eating’’ Bridge 


they receive no energy. Examining the circuit, 
we find that generator impedance (Bw) and 
load impedance (600 ohms plus 600 ohms) are 
equal, therefore maximum power transfer condi- 
tions are established. 


Fourth, in the four-wire switching scheme 
being discussed, energy is transferred in both 
directions over two paralleled two-wire paths — 
each path carrying one-half of the energy. ‘Uhere- 
fore, the speech power level will be the same in 
both paths at any point in the system. 


The arrangement just described, employing 
the network switching principle, is, for obvious 
reasons, called the “tail-eating’”’ four-wire switch- 
ing system. As already explained in the foregoing 
description, it offers a 6 db gain over two-wire 
switching, which is slightly (less than 14 db) 
lower than attainable with the directional 
arrangement, due to the inherent transformer 
losses in the hybrids. Furthermore, it offers the 
same degree of stability and freedom from echo 
as the directional scheme, as long as the imped- 
ance in the “line” and “net” paths are equal. 
Actually, the circuit is rather insensitive to 
impedance mismatch; for instance, should one of 
the four conductors become completely open, 
there is still about 30 db return loss maintained 
(versus infinite loss in perfect balance condition). 
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The “‘tail-eating” arrangement is superior to 
directional switching in that only four-wire cir- 
cuits must be equipped with hybrids (which they 
usually are anyhow), and two-wire circuits may 
remain as they are, without adding a hybrid. In 
contrast to directional switching, the transmis- 
sion power levels are the same in both pairs of 
the four-wire circuit, so there is no crosstalk prob- 
lem within the quad. Furthermore, by omitting 
the “net” path and terminating each hybrid in a 
network, two-wire switching is automatically 
established. ‘Therefore, the same circuits can be 
used for two-wire or four-wire switching; no 
special provision (other than to open the “net” 
path) needs to be made to insert a two-wire 
circuit (such as an operator ) in a four-wire con- 
nection, and the circuit may be monitored by 
a direct bridge across either the “line” or the 
“net” pair. The switching circuits of the “tail- 
eating’ scheme are simpler than those used with 
directional switching, which simplifies mainte- 
nance, and also provides for greater flexibility 
for possible future changes. 

The “‘tail-eating” scheme has all the advantages 
of directional switching. It was mentioned that 
its inherent gain is about 14 db less; however, 
since there is an excess gain in four-wire switch- 
ing anyhow, the pad values are so selected that 
the transmission losses of both arrangements are 
the same. This will be explained in more detail 
later. The “‘tail-eating’’ method also permits the 
use of precision or compromise networks assigned 
to individual two-wire trunks (see Figure 7), 
and the presence of pads in both the “line” and 
“net” branches provides for superior terminal 
return losses. 

The only point of caution needed with the 
“tail-eating” system is to insure as close symmetry 
as possible between “line” and “net” paths 
through the switching equipment and central 
office cabling. In the design of circuits and equip- 
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ment the symmetry is perfect, limited only by the 
manufacturing tolerances of the components. 
Symmetry in cabling is insured by the use of 
quadded cables for the four-wire circuits, and 
consistent paralleling of the branches in all cases. 


Transmission Losses of Toll Circuits 


So that we may more fully understand the 
switching operations employed in a four-wire 
switching system, let us divert briefly from our 
main subject, and consider some of the trans- 
mission problems involved in long-distance tele- 
phone operations. 


During recent years the long distance toll plant 
has been built up to a point where at present 
most of the traffic is carried over repeatered voice 
circuits, carrier channels and radio links (with 
the last two media by far predominating) instead 
of by metallic circuits only, as in the past; it 
can be safely predicted that the preponderance 
of “derived” channels will increase in the future 
at an even more rapid rate. Now, one of the 
significant results of this expansion is that, in 
general, there is more gain available in the toll 
circuits, in spite of their length, than is neces- 
sary to secure the desirable transmission level at 
their output. The obvious approach in such a 
situation would be to operate all circuits at zero 
loss, since, in addition to providing the same 
level of transmission as obtained by direct inter- 
connection of the terminals, it would make trans- 
mission independent of the number of circuits 
connected in tandem when a circuit is built up 
between the same two endpoints over devious 
alternate routes. 


Of course, if the circuits could be operated at 
a gain instead of zero loss, some of the loss of 
the connecting trunk between the toll office and 
the local telephone office, as well as the _ loss 
inherent in the line between the local telephone 








instrument and the local office, could be com- 
pensated for. Unfortunately, up to date it has 
been found impossible to operate long toll cir- 
cuits on a zero-loss basis. ‘The gain of repeatered 
voice frequency circuits is limited by noise and 
by stability limits at hybrid points, as well as 
by crosstalk and echo, while carrier circuits must 
be operated at a finite loss because the last two 
factors are still appreciable when the distances 
are long — even though the velocity of propaga- 
tion approaches the velocity of light! 


One of the facts learned from years of opera- 
tion of transmission circuits is that if two or 
more circuits are switched together for a through 
connection, the total loss of the connection can 
be lower than the sum of the losses of the indi- 
vidual circuits when they are used by themselves. 
The explanation for this is that the factors men- 
tioned in the preceding paragraph do not in- 
crease in proportion to the length of the con- 
nection nor to the number of circuits connected 
in tandem. This is particularly true if four-wire 
switching is employed at the intermediate points, 
because then it is only at the terminating points 
that the four-wire circuit is reduced to two-wire; 
the factor of return loss is eliminated in all but 
the two terminating offices. 


The lowest practicable loss of a toll circuit 1s 
the loss required by the above limiting factors 
when the circuit is switched to another circuit 
at both ends; it is called “via net loss” (VNL). 
Experience has shown that on electrically long 
circuits, echo is the most difficult factor to con- 
trol, so the permissible VNL of a circuit is 
usually computed with the objective of keeping 
the echo within tolerable limits. From a choice of 
several values for the VNL the one is selected 
which also satisfies the limitations imposed by 
crosstalk and stability against singing (in prac- 
tice, noise is usually a negligible factor) . 


The computation of the VNL is based on 
probability considerations, taking into account 
a large number of contributing elements, such 
as: length of the circuit and velocity of propa- 
gation, the expected precision of balance at both 
terminals and its statistical distribution, the de- 
viation of the circuit losses from their nominal 
value and its statistical distribution, the amount 
of echo tolerated by the telephone users and the 
statistical distribution of the tolerance, the 





availability of echo suppressors, and the amount 
of added loss at the terminating points of the 
connection. This method of computation can be 
used only with four-wire circuits; the VNL of 
two-wire circuits is established by engineering 
judgment based on experience. 


Typical VNL values of facilities in use at the 
present may range from 0.5 db for 50 miles of 
short-haul carrier to 2.4 db for 200 miles of 
loaded voice-frequency four-wire cable, with 500 
miles of coaxial carrier about half-way in 
between these two. 


The VNL of a built-up connection may be 
obtained by adding the VNL of the individual 
sections together, provided that four-wire switch- 
ing is used at the intermediate switching points. 
Intermediate points using two-wire switching are 
added potential sources of echo and singing, and 
it is expected that such connections built-up 
through such points can be worked at the VNL 
permissible with four-wire at switching interme- 
diate points, only if the average balance (return 
loss) in each of such offices is 27 db or better. 
If the balance is lower, the VNL of the circuit 
terminating there must be correspondingly in- 
creased — for instance, by 2.0 db if the balance 


is only 23 db. 


The ultimate objective, of course, is that the 
VNL of a built-up connection should be as near 
as practicable to the VNL of a direct circuit 
between the same two terminating points; at 
the present, or even in the foreseeable future, 
this ideal cannot be achieved. In general, tele- 
phone users are likely to object only if the 
transmission level between the same two tele- 
phones varies by more than 5 db on different 
occasions; therefore the immediate objective 
is to keep the VNL of a connection within this 
limit, regardless of which of the possible alter- 
nate routes the call may take. 


At the present time we are still quite a way 
from even this immediate objective. For in- 
stance, it may be practicable to maintain circuit 
stability to such a degree that the net loss of a 
four-link connection will be within a range of 
about 9 db in 96% of the cases, if the variations 
in losses of the individual circuits are combined 
on a Statistical basis. In an eight-link connection 
the variation in losses would be 40% greater. In 
addition to these, there will be a variation in the 
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average values of the VNL of a connection, 
dependent on the number and the VNL of the 
links used for the different alternate routes. 
Fortunately, only a minor fraction of all calls 
will use four links in a connection, and the prob- 
ability of eight links is one in several millions. 


Switching of Losses at Terminating Points 


In the preceding section we have discussed the 
via net loss of a connection — that is, the mini- 
mum loss which must be maintained due to the 
inherent characteristics of the links used and 
regardless of the disposition of the connection at 
the switching office. The minimum permissible 
loss is more than VNL when the circuit is used 
between two telephone instruments, because the 
same toll circuit must be used under a great 
variety of telephone loop conditions in the local 
telephone networks served by the terminating 
toll offices, and the balancing network in the 
terminating hybrid has to be a compromise over 
a wide range of possible impedance values. 
Therefore, the local line will hardly, if ever, be 
perfectly balanced, and to maintain echo and 
stability within satisfactory bounds the overall 
circuit loss must be increased. The minimum loss 
in terminated conditions is called “terminal net 
loss” (INL), and at the present state of the art 
and with the best available facilities TNL = 
VNL + 4db-—that is, an increment of 2 db 
at each end. 

A toll circuit will, at any given moment, be 
found in one of the following conditions: (a) it 
may be idle; (b) it may be switched to a four- 
wire toll circuit or to any toll circuit with 
terminal repeater; (c) it may be switched to a 
two-wire toll circuit without terminal repeater 
or to a local connecting trunk with a high in- 
herent loss; (d) it may be switched to an ordi- 
nary local connecting trunk. (In addition, the 
circuit may be switched through an operator, but 
this condition will be excluded from the present 
discussion.) Furthermore, the toll circuit may 
be a four-wire circuit (or a circuit having a 
terminal repeater) or it may be a two-wire cir- 
cuit; and it may terminate at the distant end in 
an office with four-wire switching or in an office 
with two-wire switching. For the present, we will 
assume that the near end terminates in an office 
with four-wire switching facilities. Whether the 
distant office is of a four-wire or a two-wire type 
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may have some bearing on the VNL of the 
circuit, but not on the pad values used for 
switching in the near-end office. 


In the following we will discuss the ways in 
which these different states are provided for in 
Automatic Electric Company’s new “FW-1” 
Intertoll Switching System. ‘To illustrate the 
transmission relations, numerical values will be 
assigned to the various elements; for instance, we 
will assume that the transmission level at the 
output of the demodulator is 7 db above the 
level of the entrance point of a toll connecting 
trunk at the other end of the toll circuit link, 
and that the input level to the modulator is 16 
db below the level of the entrance point of a 
toll connecting trunk in this office. Therefore the 
total gain of a circuit link from modulator 
input to demodulator output at the far end is 
23 db. These +-7 and —16 db levels are accepted 
standards for modern transmission facilities, 
though higher total gains (26 db) can occasion- 
ally be found, with corresponding changes in the 
output levels. Older transmission facilities with 
a total gain of 17 db are still in extensive use 
with +4 and —13 b levels, respectively. The 
corresponding values for the transmitting and 
receiving pads are shown in the figures in 
parenthesis. 


In the discussion we will assume that the con- 
necting trunk plants are such that TNL — VNL 
+ 4 db is satisfactory. The added loss is derived 
at each end by a 2 db value of the “G” pad. 
While at the present time not all connecting 
trunk plants can assure this value for ‘TNL, an 
effort is being made to improve the return losses, 
with this objective. Where the plant cannot be 
operated at TNL—VNL-4+ 4 db, toll connec- 
tions may need to have, for the time being, a 
higher TNL: for instance, VNL + 8 db if the 
terminal return loss is degraded at each end by 
4 db. The 4 db impairment in the terminal return 
loss can be compensated for by an added loss of 
2 db in the transmission path at each end; thus 
the value of TNL = VNL -+ 8 db. As the value 





of the “G” pad in the “FW-1” system is 4 — 
(TNL-VNL) /2 db, “G” will be 0 db for circuits 
which must be operated at a TNL = VNL - 8. 
It is a surprising peculiarity of four-wire switch- 
ing that the value of a switching pad is actually 
decreased when a higher TNL is required and 














that the additional loss is derived from the trans- 
mitting and receiving pads. ‘The examination of 
the circuits later in this article will reveal the 
reason for this. However, as will also be demon- 
strated, the terminal return loss of four-wire 
switching is inherently high, and therefore, in 
general, a TNL = VNL + 4 db may be assumed 
for most applications. 


We will further assume that there is only about 
0.25 db loss in a hybrid coil in the four-wire to 
four-wire state due to the losses in the associated 
wiring and the usual transformer losses; the loss 
is about 3.5 db in the four-wire state, because, in 
addition to the 0.25 db mentioned above, half 
the input energy is dissipated in the balancing 
network. Losses in the central-ofhce cabling and 
the switching equipment may amount to 0.5 db. 


(a) Idle State (see Figure 8). When a four-wire 
circuit (or a two-wire circuit having terminal 
repeaters in the toll office) is not in use, the line 
and network terminals of the hybrid circuit are 
terminated in identical networks, and theoretic- 
ally an infinite terminal return loss is obtained. 
The 5 db loss inserted between each of these 
terminals and the networks further improves the 
balance of the hybrid. When the circuit is seized 
from the distant end and the connection is built 
up in the office, the terminating network of the 
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line side is passed on at each step until the 
terminal of another toll circuit (which will be 
discussed in the next two cases) or a local tele- 
phone is reached, and a very high return loss is 
continually maintained. When the called tele- 
phone answers, the terminating network at the 
hybrid line terminals is replaced by the imped- 
ance of the connecting trunk plus local line 
terminated by the telephone instrument. The 
switching details will be described later. 


Two-wire toll lines without terminal repeaters 
have no hybrid circuit and therefore create no 
problem; they are, however, terminated in the 
same type of network for the sake of standard- 
ization and to improve the stability of any re- 
peater which might be located near the terminal. 


(b) Connection to Four-Wire Circutts (Figure 
9). When a four-wire circuit is switched through 
to another four-wire circuit, the line terminals of 
both circuits and the network terminals of both 
circuits are interconnected as previously ex- 
plained. The speech energy divides evenly over 
both paths and then recombines in the correct 
phase through the hybrid transformers. The only 
loss inherent in this arrangement is due to the 
office cabling and equipment — in addition, of 
course, to the ordinary transformer losses in the 











hybrids, to a nominal | db total, as already 
pointed out. As the output of a repeater demodu- 
lator is at a +7 db level and the input to a 
repeater modulator should be at a — 16 db level, 
a minimum of 23 db loss must be inserted into 
both paths. Part of this loss is assigned to the 
receiving pad, part to the transmitting pad in 
the repeaters, and the balance (less than | db) 
to the switching pads of both trunk circuits. 


One of the interesting characteristics of four- 
wire switching, as distinguished from two-wire 
switching, is that in a through-switch condition, 
it requires an added loss, while with two-wire 
switching in this condition, loss is eliminated as 
far as possible. This difference is due to the fact 
that with two-wire switching half of the available 
energy is dissipated in the balancing networks, 
while in four-wire switching practically all avail- 
able energy is transmitted from one circuit to the 
other, thus gaining twice 3 db. Now, assuming 
that TNL = VNL 4 2, with two-wire switching 
twice 2 db must be removed from the circuit in 
the through switch state, while with four-wire 
switching (with an excess gain of twice 3 db) 
twice 1 db loss must be added to switch through 
with the same VNL as in the two-wire case. In 
local terminating condition the TNL-VNL in a 
two-wire office is supplied by a 2 db pad or a 


minimum 2 db trunk loss, while in a four-wire 
office it is supplied by the hybrid coil. Since the 
hybrid loss is 1 db higher than 2 db, the output 
level of a repeater in a four-wire office must be 
1 db higher than in a two-wire office, and this 
difference is then eliminated by the switching 
pads in a through-switch condition. 


When two four-wire circuits are connected 
together, both ‘FS’ relays operate over the DC 
paths, while the “PC” relays remain unoperated 
due to the high series resistance. The function 
of the “FS” relay is two-fold: it extends the four 
conductors through the automatic switching 


equipment, and it replaces the ““H” pads by the 
“G” pads, thus increasing the loss by 1.5 db. 


The statement made earlier that the input 
level to the modulator should be at a —16 db 
level must now be slightly qualified. In a 
through-switch condition the input level to the 
modulator should actually be — (16 + VNL) 
db, and the loss in the through-switch path 
should be 23 + VNL db. The values for the 
receiving pad (“Pr”) and the transmitting pad 
(‘Pr’) are so chosen that, together with the 
switching pads, this amount of loss is obtained, 
and that the relation TNL — VNL + 2 can also 
be maintained, as will be shown under (d). 


(c) Connection to Two-Wire Circuits (Figure 





10). When a four-wire circuit is to be connected 
to a two-wire circuit without terminal repeater, 
it is desirable to improve transmission by utilizing 
some of the surplus gain available in the four- 
wire circuit. Having no terminal repeater, there 
is no excess gain available in the two-wire cir- 
cuit, so there is no purpose in providing pads 
and switching relays in the two-wire terminal. 
The extra gain is derived in the four-wire termi- 
nal instead, by cutting out pads “F’ and “H”, 
and inserting pad “G”. Both relays “FS” and 
“PC” are operated through resistors in the two- 
wire terminal. The loss in the connection up to 
the two-wire line is VNL + 1 db — the addit- 
ional nominal | db caused by the loss in the 
hybrid coil, exchange cabling and switching 
equipment. It would be possible to compensate 
for these and to switch the connection with VNL 
only; however, it is not considered worth while 
to introduce an additional condition in the pad 
switching, and special measures to increase the 
return loss of the hybrid circuit, for such a nomi- 
nal gain. The balancing network for the hybrid 
circuit in the four-wire terminal is supplied from 
the two-wire terminal over the net conductors. 
As a rule, having perfect symmetry between line 
and network leads, a standard compromise net- 
work is sufficient to provide adequate return loss 
in the hybrid circuit. Should in some cases the 


structure of the two-wire circuit cause difficulties, 
the circuit as shown is arranged for a precision 
network to balance out the two-wire line. 


The same arrangement may also be used to 
compensate to some extent for high losses in 
connecting trunks, by transferring excess gain 
from the four-wire terminal. From the transmis- 
sion engineer’s point of view, there is no differ- 
ence between a two-wire voice-frequency toll 
circuit and a_ high-loss toll-connecting trunk. 
While the present objective is to keep connec- 
ing-trunk losses below 5-6 db, plans are being 
made to design such trunks in the future on a 
VNL + 2 db basis, or even for VNL where an 
intermediate switching point in the connecting 
trunk is involved. 


As ordinary two-wire circuits without terminal 
repeaters are not equipped with hybrids or pads, 
they are directly inter-connected by the switching 
equipment, and there is nothing special to 
describe or to illustrate. Since there is no gain 
available anywhere, the loss of the through 
switch connection will be the sum of the TNL-s 
of both individual links. 


(d) Connection to a Local Trunk (Figure 11). 
Terminating a four-wire circuit locally through 
an ““FW-1” four-wire toll office is fundamentally 


























the same as terminating it through a two-wire 
toll office, because the network leads are not 
extended — unless a high-loss connecting trunk 
is used as was the case in (c) above. In a two- 
wire office, TNL = VNL + 4 db, and the extra 
4 db loss is supplied either by 2 db switching 
pads at each end of the connection, or by 2 db 
fixed pads in the connecting trunks, if they have 
less than 2 db loss. The same relation (TNL = 
VNL + 4) applies to a four-wire office. Because 
the network leads are not extended there is no 
control potential available to operate relays 
“FS” and “PC”; pads “F” and “H” provide the 
loss required to obtain the required TNL. 


The local connecting trunk is balanced by a 
compromise network, incorporated into the four- 
wire trunk terminal. Because of the facilities 
available in the four-wire switching system, there 
is altogether 10 db loss between the compromise 
network and the network terminals of the hy- 
brid, and between the line terminals of the 
hybrid and the connecting trunk. Through such 
an arrangement a very high terminal-return loss 
is obtainable — superior to the conditions pre- 
vailing in conventional two-wire-switching of- 
fices, where only a 2 db pad is inserted between 
the hybrid and the connecting trunk. 


An ordinary two-wire circuit is directly con- 
nected to a local trunk and there is likewise 
nothing special to discuss. The TNL of such a 
connection will simply be the inherent loss of 
the two-wire toll circuit. 


Four-Wire Circuit Termination (Figure 12) 


In preceding sections, the transmission prin- 
ciples of the “FW-1” Intertoll Switching System 
with four-wire switching were described. In the 
present section some of the pertinent switching 
operations will be explained. 


All such operations are carried out over the 
two “net” leads, after they are extended through 
the automatic switching equipment. If a connec- 
tion is to be extended on a four-wire basis, “line”’ 
pairs and the “net” pairs of the two circuits are 
tied together directly without any attachments. 
As may be seen from the illustration, the “line” 
leads are interconnected straight, while there is 
a reversal between the “net’” leads, to obtain the 
correct phase relation in the hybrid circuit. 
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Experience indicates that for stable and noise- 
free transmission it is advisable to pass a small 
amount of direct current through all transmis- 
sion leads of the switching equipment. The re- 
versal of the ‘“‘net” leads automatically establishes 
a direct-current potential difference, while for the 
“line” leads the direct-current circuit is reversed 
on one (outgoing) end only, without reversing 
the voice transmission path. The direct-current 
portion of the “line” leads is used for various 
switching functions not pertaining to our present 
subject, and at the same time maintains about 
30 milliamperes of current in each lead at all 
times. 


The conditions under which relays “FS” and 
“PC” are to operate were discussed in the pre- 
ceding section. Relay “FS” will always operate 
when a connection is to be made through the 
switching equipment on a four-wire basis. In its 
unoperated position, “FS” terminates the net- 
work side of the hybrid in a compromise net- 
work, while in the operated position it extends 
the network terminals through the switching 
equipment. When operated, ‘FS’ replaces the 
“H” pads by the “G” pads. The only function of 
the “PC” relay is to cut out the “F” pads in its 
operated position. 


All circuits which may provide four-wire trans- 
mission, such as cases (b) and (c) in the pre- 
ceding section, must have negative 48-volt po- 
tential on the winding of the “PC” relay. Under 
such condition the “FS” relays at both ends of 
the connection can operate and establish the 
four-wire path through the switching equipment. 
If the 48-volt potential is absent, the connection 
is made on a two-wire basis, and the network 
side of the hybrid is terminated in the comprom- 
ise network. A variable ground-strap changes 
the resistance of the “FS” relay from a high to a 
low value; if the resistance is high, the “PC” 
relay at the opposite end of the connection can- 
not operate. This is the condition on a four- 
wire to four-wire connection, described in case 
(b) of the preceding section. The “FS” relay 
must have a low resistance if it is used in a two- 
wire circuit that includes the balancing network 
for the opposite terminal, as described in case 
(c) of the preceding section. The low resistance 
of “FS” will then permit operation of relay “PC” 
in the opposite four-wire terminal. (As already 


























mentioned, in two-wire circuits with the “FS” 
and “PC” relays, ordinary resistors may be sub- 
stituted to control the relays in the opposite 
terminal.) 


It will be noted from this circuit that the 
“line” and “net” conductors are perfectly sym- 
metrical, and since this symmetry is inherent in 
the central-office cabling and in the physical and 
electrical layout of the switching equipment, no 
special measures need be taken in the central- 
office equipment to obtain a high terminal-return 
loss even when the connection is made on a two- 
wire basis. Quadded switchboard cables are used 
for the “line” and “net” conductors, and these 
conductors consistently follow identical paths — 
even where tie connections are made to inter- 
mediate equipment. Furthermore, the values for 
the control relays were so chosen that in a four- 
wire to four-wire connection the same amount of 
direct current passes through the “net” conduc- 
tors as through the “line’”’ conductors; therefore 
a high degree of symmetry is also maintained in 
the bridging inductive impedances and in the 
contact resistance of the switching equipment. 
To keep contact resistances low, precious-metal 
relay contacts and silver-inlaid switch contacts 
are used throughout the transmission circuits. 
When the low-resistance option for ‘‘FS”’ is used, 
the current through the “net” conductor is some- 
what increased; however, in this state no talking 
current is passing through the “net” circuit, and 
minute variations of the bridging impedance in 
the “net” circuit (due to a change in direct 
current saturation) are inconsequential. 


When a call between two four-wire circuits is 
originated by an operator within the office, both 
of these circuits are reached through their termi- 
nals assigned for outgoing traffic. In such a con- 
nection an additional reversal of the ‘“‘net’’ leads 
is required, as well as a reversal of the direct 
current without simultaneously reversing voice 
transmission in the “line” leads. The circuit em- 
ployed for this purpose is shown in Figure 13. 
There are two separate transformers for the two 
sets of leads, connected in such a way as to main- 
tain direct-current continuity. The poling of the 
transformer in the “net” circuit is such that there 
is no reversal in phase of the voice transmission; 
the physical reversal of the conductors creates, 
then, the required reversal of both direct-current 
and voice-current paths. The poling of the trans- 
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former in the “line” circuit is such that there is 
a reversal in phase of the voice transmission; the 
physical reversal of the conductors then creates 
the required reversal of the direct-current path 
and restores the voice current to its proper phase. 


Probably the most outstanding advantage of 
the ‘““FW-1” Intertoll Switching System over more 
usual four-wire switching systems is the sim- 
plicity with which four-wire paths are established 
and, conversely, that in the absence of a four- 
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Figure 13. AC-DC Phasing Circuit 


wire path the arrangement automatically returns 
to a conventional two-wire state, with better than 
normal return-loss characteristics. As has been 
shown, the four-wire state is contingent on the 
operation of the “FS” relay — which can take 
place only if a control potential is extended from 
the opposite terminal over one of the “net” con- 
ductors. Therefore, a two-wire state is retained if 
the opposite terminal is not arranged to extend 
the control potential; or if the intermediate 
switching equipment is not arranged to extend the 
“net” leads; or if the connecting path is “open” 
due to some trouble condition. In other words, 
the two-wire state exists in all cases unless 
the conditions for the four-wire state are 
positively established (for instance, if an 
operator or test personnel intervene in a four- 
wire connection, the “net” leads are simply dis- 
rupted and the connection automatically reduces 
itself to a two-wire state, with the correct trans- 
mission level for ordinary telephone sets.) 
Further, the “FW-1” system permits the use of 
identical circuits for two-wire and _ four-wire 
offices, simply omitting in the former case the 





additional equipment needed for four-wire 
operation. 


Toll Offices with Two-Wire Switching 


Before the development of toll offices employ- 
ing four-wire switching, toll calls were extended 
at intermediate as well as terminating points by 
using the two wires of the talking leads only. At 
intermediate points the “line” terminals of the 
two hybrids were interconnected over two wires, 
and the “network” terminals were closed by 
compromise networks. At end points the “line” 
output of the terminating hybrid was extended 
over two wires to the local connecting trunk. Due 
to the relatively low terminal-return loss of the 
hybrid circuit, the inherent gain of modern four- 
wire circuits could not be fully used, and an 
artificial loss had to be inserted between the 
hybrid output and the connecting trunk. Since 
in a through-switch state somewhat lower losses 
are permissible than in the terminating state, the 
artificial loss was removed for through connec- 
tions in two-wire offices which were arranged for 
pad switching, and multi-switch connections 
were established at VNL. 


Nevertheless, each intermediate two-wire office 
in a multi-link connection represented a poten- 
tial source of echo and instability, due to the 
low return-loss at each hybrid circuit — whereas, 
in a four-wire intermediate office, echo paths are 
automatically eliminated. Therefore, two-wire 
offices could not be substituted for four-wire 
offices, without an increase of the VNL, unless 
the return-loss at each hybrid point could be 
substantially increased. 


Low return-loss is due to unbalance between 
the office equipment and wiring and the bal- 
ancing network in the hybrid circuit. The aver- 
age return-loss of a typical two-wire office, free of 
equipment and wiring errors, is about 14 db., 
and unless the average return-loss can be raised 
to at least 27 db., trunks terminating in a two- 
wire switching office must be operated at a higher 
VNL than when there are four-wire offices at 
both ends. In order to achieve such high value 
of return-loss in two-wire offices, the length of 
inside cable must be limited, large-gauge cable- 
conductors used, the capacitances of different 
cable conductors adjusted to a uniform value, 


and the compromise networks compensated for 
the impedance of the office cabling and equip- 
ment. 


Four-wire switching equipment using a net- 
work switching arrangement automatically elimi- 
nates return loss at a relatively small increase in 
equipment over two-wire switching. Even for 
smaller offices it is advisable to investigate whe- 
ther it is not preferable to provide four-wire 
switching rather than expend considerable 
amount of labor and material needed to improve 
the return loss in two-wire offices to a point where 
their stability may approach that of a four-wire 
office. Further, it should also be considered that 
at each expansion of the office, the new equip- 
ment must similarly be balanced. 


It has been shown that in a four-wire office, 
part of the gain available in the four-wire circuit 
may be transferred to passive two-wire lines or 
high-loss connecting trunks, thereby improving 
the overall transmission of many toll connections. 
A transmission improvement on high-loss trunks 
may also be obtained in a two-wire office, if the 
switching pad, ordinarily used only for local 
terminating calls, is eliminated entirely. The 
removal of the switching pad and its control 
equipment may also reduce the cost of such toll 
switching offices. However, assuming that TNL=— 
VNL + 4 as before, some substitute must be 
found to replace the 2 db losses at each end, 
previously supplied by the switching pads. 


Two mutually exclusive conditions may now 
be considered; the first case involves connecting 
trunks to local offices in the same building as 
the toll offices (or in the immediate vicinity) so 
that the trunk loss is less than 2 db; the second 
case involves connecting trunks having more 
than 2 db loss. Now, if a 2 db fixed pad is added 
to every trunk which belongs to the first group, 
the transmission status of this group remains 
exactly the same as it was with the previous 
switching pad arrangement. Since the transmis- 
sion loss of a trunk in the second group is more 
than 2 db, no substitute for the switching pad 
is needed. Transmission over these trunks is 
improved by 2 db at each end; unfortunately, by 
the omission of the 2 db pad, the echo and sing- 
ing margins were also lowered by 4 db at each 
end. If these conditions are to remain substanti- 
ally unimpaired with the omission of the switch- 
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ing pad, the return loss must be improved by at 
least 4 db. Impedance compensation of the con- 
necting trunks and capacitance adjustment of the 
office cabling is used to bring this about. 


We have seen in earlier sections that means 
are incorporated in a four-wire system to transfer 
gain to high-loss connecting trunks; and since 
pads are included between the hybrid and the 
connecting trunk, as well as between the hybrid 
and the compromise network, adequate terminal 
return loss can be obtained in the four-wire 
system without any further artifice of impedance 
compensation and capacitance adjustment. 


Summary 


A new four-wire switching telephone system 
has been developed, incorporating the “tail- 
eating”, or network switching, principle of op- 
eration in its transmission paths. Four-wire 
switching of telephone calls has the advantage 
over two-wire operation that a very high degree 
of stability and freedom from echo are automatic- 
ally obtainable on built-up connections, whereas 
with two-wire switching a considerable amount 
of balancing and impedance compensation 


within the central office must be carried out to 
approach the inherent balance of a four-wire 
office. The excess gain available in a four-wire 
through connection permits a flexible system of 
pad switching, by means of which some of the 
gain may also be transferred to high-loss local 
connecting trunks. In two-wire offices this result 
is obtainable by additional balancing, provid- 
ing built-in pads in connecting trunks, and by 
impedance compensation of connecting trunks. 


The “‘tail-eating’”” method of four-wire switch- 
ing also has important advantages over methods 
which separate directions of transmission. It 
eliminates the need for hybrid circuits in local 
connecting trunks; it permits simplification of the 
switching circuits; it permits the use of the same 
circuits for four-wire as well as two-wire switch- 
ing systems; it automatically provides two-wire 
operation in every case where the four-wire con- 
trol conditions are not established; it permits 
the use of compromise balances and provides for 
an efficient system of pad switching while still 
maintaining equal transmission-power levels in 
both paths through the switching equipment; 
and it permits operators or test personnel to 
intervene, using conventional telephone circuits. 


This article is a reprint of a paper presented at the AIEE Summer and Pacific General Meeting, 
San Francisco, Calif., June 25-29, 1956 by Imre Molnar, Ph.D. It is reprinted in this issue by permis- 


sion of the American Institute of Electrical Engineers. 
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Figure 14. Two-Way Dial Trunk Equipment 


In designing the “FW-1” Intertoll Switching 
System the prime consideration was the pro- 
vision of facilities for an intertoll dialing net- 
work employing four-wire switching of the 
transmission paths, throughout. 

The following toll trunk circuits have been 
developed for the “FW-1” Intertoll Switching 
System: 

a) “‘['wo-way intertoll dial trunk with auto- 

matic ring-start 

b) T'wo-way intertoll dial trunk—“‘stop-dial” 

(for common-control office) 
c) Ring-down toll trunk circuit—two-way 


d) ‘Two-way intertoll trunk (incoming D.C. 
signal, outgoing dial) 


All of these trunk circuits are of the “jack- 
in” design to facilitate maintenance. 


Toll Trunk Interconnections (Figure 15) 


During switching of an intertoll call between 
othces B and C, trunk circuit Tl and associated 








selector S1 will select outgoing toll line trunk 
circuit T2, to office C. This call, using office 
A facilities, will not require assistance from the 
operator there. However, a call from office B 
may terminate at a local subscriber in ofhce A 
through the toll switch train. The call is ex- 
tended from B through Tl (and associated se- 
lector $1) through outgoing trunk to toll ‘T3, 
and to the toll switch train and local subscriber. 


An inward call from B to the toll operator at A 
is established through trunk Tl to operator 
trunk 14, and then to positional equipment at 
office A (through LI or L2). The call can be 
extended through selector $4 to C, D, E, or to 
a local subscriber in A through outgoing trunk 
to toll. 


Incoming calls from ofhce D are handled 
through two-way ringdown toll trunk circuit 
T5. Calls to D, outgoing from, or switched 
through A, are sent to D through T5 on a ring- 
down basis. Calls from office E are passed to A 
through trunk circuit T6, with incoming D.C. 
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signal. Calls through A to E pass through trunk 
T6 on an outgoing dial basis. 


In the past, a different switch train was used 
for “in-dialed’”’ calls than for operator calls. 
The “in-dialed” switch train provided auto- 
matic ring, while the switch train used for the 
operator provided controlled ring. ‘The “FW-1” 
equipment uses a common switch train for both 
types of calls. ‘Thus, trafic from both sources 
is combined, resulting in larger, more eco- 
nomical, trafic groups. ‘The banks of selectors 
Sl through S5 are multipled, and regardless of 
the originating point on each call, the same 
switch train is employed for completion of all 
calls. Combining the switch trains was possi- 
ble because the intertoll dial trunk circuit pro- 
vided an automatic ring-start signal which differ- 
entiated between “in-dialed” and operator calls. 


a) Two-way Intertoll Dial Trunk with 
Automatic Ring-Start 


Intertoll dial trunk circuit signalling means 
is on an “E and M” basis to the trunk. Within 
the toll office, pulsing is accomplished over an 
extra conductor (EC), apart from the line leads; 
line and net conductors are used to perform the 
function of four-wire switching. ‘These line and 
net leads are used for carrying the conversation; 
in addition, ringing and checking functions 
along with specialized “timed ring repeating” 
are performed over the line leads, and the net 
leads are used for four-wire switching balance 
and pad control. Both line and net leads are 
arranged for approximately 25 ma D.C. wetting 
current on each conductor, preventing circuit 
failure due to high contact resistance. 


Calls established over the toll train, using 
equipment at A (Figure 15), may originate at 
A from toll operator positions, or may be in- 
tertoll calls from B or C, terminating in A at 
a local subscriber. When a connection is es- 
tablished by a toll operator at A, the operator 
has control of ringing. ‘The operator may set 
up the toll switch train, release the sender 
equipment without ringing the subscriber, and 
later, ring manually; or the sender may be re- 
leased with automatic ring to signal the sub- 
scriber immediately. Controls for this function 
are located in the positional equipment. 


One of the requirements of an intertoll call 





is provision for automatic ring. Since in the 
“FW-1” system, the same switch train is used 
for both intertoll calls and those under control 
of a local toll operator, the automatic ring pro- 
vision for the intertoll call must be located in 
the intertoll dial trunk circuit Tl. The auto- 
matic ring-start (timed ring repeating) then 
comes from trunk circuit T] and gives an in- 
dication to the outgoing trunk T3, providing 
automatic ring when the subscriber’s line is 
reached. 


The automatic ring-start signal (a D.C. sig- 
nal, approximately 150 ms long) is required 
only after the last digit has been dialed. How- 
ever, since the intertoll dial trunk circuit equip- 
ment may be used to set up a terminating call 
or a switched intertoll call, it is not known how 
many digits will be dialed through any intertoll 
dial trunk circuit before a ringing pulse (or 
automatic ring-start signal) is required. ‘To pro- 
vide for this, a ring-start signal is sent out after 
each digit on an incoming call. Of course, each 
signal but the last may be clipped as it is cut 
off when the next digit is pulsed, but the ring- 
start signal at the end of the last dialed digit 
will definitely be long enough to trigger the out- 
going trunk circuit V3. 


A switched intertoll call is illustrated in Fig- 
ure 16. With the call originating at a toll posi- 
tion in office B, an intertoll dial trunk circuit 
is selected to office A. Within office A, the in- 
coming intertoll dial trunk Tl and associated 
selector S1 will select an outgoing intertoll dial 
trunk circuit ‘12 for office C. 


Figure 16 shows a_ two-way-dial toll trunk 
circuit. ‘The automatic ring-start signal orig- 
inates at A in circuit T1 and lasts for the re- 
lease time of relay CRA. During this period, 
relay RC of circuit T2 will operate, but due to 
an associated slow-to-release relay the ring sig- 
nal will not be forwarded to C. Any required 
ring-start signal will be regenerated in C. When 
required, the toll operator may re-ring forward 
to re-signal the called party by operating the 
ring key at the toll operator position, energizing 
differential relay RB. The ring key is to be 
operated for a second or two; relay TAB will 
then release, thereby operating TB. No further 
action will occur until the ring key is restored; 
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A will then receive a timed 100 ms pulse, which 
is treated as an additional dialed digit, 1. At 
the end of the pulse, circuit T1 will generate a 
ring-start signal, and again, it will be clipped. 
The ring-forward signal from office B will be 
passed to C as a 100 ms pulse on the lead M. 


From office C the pulse will be passed to an- 
other incoming intertoll dial trunk circuit, 
which will regenerate a ring-start signal. With 
a toll switch train connected at C the called 
party will be re-signaled, as the ring-start signal 
unlocks certain elements in the toll switch train 
to cause re-ring. 


Because the automatic ring-start signal action 
occurs on the line conductors, it is necessary to 
minimize voltage surges and line transients, to 
prevent interference with sensitive equipment 
such as single-frequency equipment that may be 
ultimately connected in tandem on a switched 
intertoll call. 


Line circuits are arranged with a D. C. wet- 
ting current and there are, of necessity, D. C. 
voltage changes on the line leads which have a 
tendency to set up voltage transients. ‘These 
transients are erratic, depending upon line 
characteristics, contact bounce, etc., and are 
composed of many frequencies. If the transient 
contains components corresponding to those 
used in single-frequency systems (2400 and 2600 
c.p.s.) there exists the danger of single-frequency 
signal imitation. While the single-frequency 
systems, as designed, have “guard” facilities ar- 
ranged to prevent spurious signals from inter- 
fering with their operation, this guarding 
arrangement cannot be said to be 100% _per- 
fect; therefore, it is desirable to produce as few 
transients as possible. 

In A, due to the line voltage divider, points 
T and R are both nominally at —24 volts po- 
tential. During dialing (after the outgoing 
trunk is seized) and conversation, the D. C. line 
potential difference is zero. It is therefore ap- 
parent that if the line is kept effectively shorted 
during pulsing, voltage transients become mini- 
mized. This is accomplished circuitwise by a 
combination of elements utilized to send a ring 
signal forward on both conductors instead of 
only one required to operate differential relay 
RC. 
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Figure 16. Automatic Ring Stort Signel on a Switched Intertoll Call 


control equipment at C, and is made ready to 
accept incoming dial pulses. 


Selector equipment accessing an intertoll dial 
trunk to a “common-control” office is arranged 
to provide a stop-dial signal when the dialed 
level is reached. The trunk circuit then provides 


7 lapping stop-dial signal to the originat- 
ing equipment. Finally, the distant ‘“common- 


control” office controls the stop-dial function, 


and signals when it is able to accept incoming 
digits. Two-way intertoll dial trunk equipment 
is shown in Figure 14. 


75 











The distant common-control ofhce may be of 
either the “‘stop-go” or the “wink” variety. With 
the former, if the distant office returns an over- 
lapping stop-dial signal it will do so within 350 
ms from time of seizure. The intertoll dial 
trunk circuit will retain a locally applied stop- 
dial signal for at least 300 ms, after which time 
the common-control office takes over. 

If the distant common-control office is ar- 
ranged for a “wink” signal, the intertoll dial 
trunk circuit retains a locally applied stop-dial 
signal until it receives a momentary “off-hook” 
signal from the distant ofhce. This “off-hook’’ 
supervision is followed by an “on-hook’’ signal 
to indicate that dial pulsing may be resumed. 
Upon receipt of the “wink” signal from the dis- 
tant office, the intertoll dial trunk circuit re- 
moves the stop-dial signal. 

The intertoll dial trunk circuit to a com- 
mon-control office, whether arranged for “‘stop- 
go” or for “wink” operation, may be used with- 
out the stop-dial feature by proper shelf strap- 
ping. he trunk circuit may be employed first 
as an intertoll dial trunk circuit to a direct-con- 
trol office (no “stop-go” or “wink” signals) . 

If required, the equipment may then be used 
with a common-control office by suitable strap 
changes on its present shelf, or it may be moved 
to a shelf with other trunk circuits to common- 
control offices. ‘The jack wiring is the same for 
trunks to direct and to common-control offices, 
with only an optional shelf strap required for 
the different operation. 

Since the trunk circuit to a common control 
office may be universally used with a minor shelf 
strap change (all other jack points matching 
identically) , the equipment can be economically 
used as a replacement during periods of re- 
vision when more common-control offices are 
placed within the direct-dialing network. 

c) Ringdown Toll Trunk Circuit—Two-Way 

(Figure 15) 

Two-way ringdown toll trunk circuit T5 is 
especially designed to function in conjunction 
with the “FW-1” Intertoll Switching System. 
The circuit is arranged to function with the in- 
coming call distribution arrangement, and has 
an associated rotary link-finder switch. 

When the distant point “rings-in” with an 
A.C. signal, ringdown trunk circuit T5 is seized 
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and searches for an idle operator link. When an- 
swered, the ringdown trunk provides an identi- 
fication signal (the positional identity lamp 
glows steadily) . In addition, four-wire switching 
balance and pad control are obtained over the 
net conductors, and supervision is given over 
an EC lead to the positional equipment. When 
the distant ringdown point “rings-in” with ‘“‘on- 
hook” supervision at the completion of the call, 
the momentary “on-hook”’ signal will lock-in to 
the toll operator. When the toll operator re- 
connects to the link the supervision changes to 
“off-hook”” and the operator may now challenge 
the distant ringdown point. 

When this circuit is used as an outgoing trunk, 
an automatic “splash” ring is given the distant 
ringdown office. An optional strapping arrange- 
ment permits this circuit to be used in a sys- 
tem employing “timed-ring-repeating’” (provid- 
ed on the aforementioned intertoll dial trunk 
circuits) without clipping the length of the 
“splash” ring. 

On an outgoing call, if the ringdown point 
rings in an “on-hook”’ signal, the signal will not 
“lock-in”” as above, but will follow the distant 
supervision. 

d) Two-Way Intertoll Dial Trunk Circuit 

(Incoming D.C. Signal, Outgoing Dial) 

Circuit ‘16 is an intertoll dial trunk circuit 
with incoming D. C. signal and outgoing dial 
facilities (see Figure 15). The incoming opera- 
tion is similar to that of a ringdown toll trunk 
(except that an “E and M” signal is used instead 
of an A. C. signal) , while the outgoing operation 
is similar to that of a regular intertoll dial 
trunk circuit. This circuit may be used advan- 
tageously from a distant tributary office, since 
the incoming end terminates at the operator 
position. On an outgoing call the distant office 
may be dialed directly on an “E and M” basis. 


On both incoming and outgoing calls, regular 
switch-hook supervision is provided from distant 
point to local toll operator. On an incoming 
call, if the toll operator is not actively engaged 
on the link, and the distant point flashes or 
gives “‘on-hook” supervision, an “on-hook”’ sig- 
nal will be given the operator. When the operator 
becomes reassociated with the link, “on-hook”’ 
signal will be changed to “off-hook”, if the 
distant point had momentarily flashed for service. 








CAMP-ON-B 


By K. M 
Patent Agent, Auto 


Introduction. 


The principles underlying the “FW-1” Inter- 
toll Switching System require automatic switch- 
ing equipment by means of which toll connec- 
tions carried through any switching point, 
either from end to end or between the toll 
board and one end, may be set up on a four- 
wire basis. As the switching elements primarily 
involved in these connections are selectors, it 
became necessary to design new toll selectors 
arranged for the switching of two voice-carry- 
ing conductor pairs, namely a line pair and a 
network pair. 


The result of this development work was a 
line of new toll selector circuits of remarkable 
simplicity. In part, this must be credited to the 
inherent simplicity of the “tail-eating’” method 
of four-wire switching used in the “FW-l’’ sys- 
tem. The network pair can be switched straight 
through, and in the case of the line conductors 
the only thing required, in addition to switch- 
through, is that these two conductors be kept 
terminated as the connection progresses from 
stage to stage. 


The simplicity of these new toll selectors is 
also attributable partly to skillful circuit design. 
As an example, in all of these selectors the B 
relay has been eliminated by letting the change- 
over relay double as a hold relay. Thus, the 
basic selector of this line, which is used in an 
“FW-1” switching ofhice wherever special features 
are not required, has only four relays. It is 
used, for instance, as a link selector (dial-front 
selector), as a dial-rear selector and as an in- 
coming intertoll selector; in fact, the majority 
of the selectors in an “FW-1” switching office 
are of this type. 


The selector singled out for more detailed 
discussion here is the Camp-on-Busy selector. 
it is probably the most interesting one because 
of the great number of unusual features which 
it exhibits (in addition to the features, such as 
those mentioned above, which it shares with 














(b) Limitations to Camping 

Toll trunks are expensive, and cannot be 
provided on such a liberal basis that they will 
be adequate for unusual traffic demands—such 
as prevail, for instance, on holidays. Therefore, 
periods of straight traffic congestion will occa- 
sionally occur in these trunk groups. It is de- 
sirable that the operator in the originating 
office be informed of such conditions. 


As an example, at the time the tandem selec- 
tor is positioned on the busy trunk group, a 
considerable number of other selector switches 
(say, three or four) of the same rank may already 
be camping on the group. Under such circum- 
stances, if by some sort of counting arrangement 
it has been determined that the number of 
camping selectors has already reached the per- 
missible maximum, the selector in question 
should not be permitted to further increase this 
number; that is, in lieu of the above-mentioned 
regular busy (‘“camping’’) signal a master busy 
(“‘no-camping”’) signal should be returned to 
the operator, inducing the operator to try again 
at a later time. This precludes the possibility 
that an undue number of operators waiting for 
access to the congested group will race for an 
idle trunk in this group upon receipt of the 


“reorder” signal. 


(c) Posted Delay 


Trafic congestion in the busy trunk group 
may on occasion become so severe that, tem- 
porarily, it is no longer feasible to handle calls 
involving this group on a non-delay basis. Under 
such a condition the toll operators should be in- 
formed, in some way, of the delay that must be 
expected; they may then transfer calls that are 
affected by the “bottleneck” to a Delay Op- 
erator, who will attempt to complete all these 
calls at a later time and in the proper order. 


The posted delay information should be tied 
in with the call at hand—that is, the selectors 
themselves should be designed to return posted 
delay signals over the preceding portion of the 
intertoll switching train to the originating op- 
erator. Furthermore, as long as such a posted 
delay condition exists in a given group of toll 
trunks, the selectors should be kept from seizing 
an idle trunk, even though such a trunk happens 
to be available at the time the selector is set 
on this group. This precaution is necessary if 
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completion of the various calls in orderly fash- 
ion (usually in accordance with their priority) 
is to be insured under this condition. 


2. Additional Objectives 


Automatic Electric’s circuit designers were 
not content with meeting these operational re- 
quirements, but set as their goal the following 
additional objectives: 

a) From an equipment standpoint the Camp- 

on-Busy selectors were to be about as simple 

as local Strowger selectors. 


b) The operation of the selectors should be 
adaptable to a great variety of traffic condi- 
tions and it should be possible readily to se- 
lect any desired mode of operation. 


c) Although simplicity of selector equip- 
ment is desired, the selector counting arrange- 
ment should be of high accuracy. 


d) At least the Delay Operator should be 
able to override the posted delay condition; 
under the proper condition, such as an 
emergency, any operator should thus be in a 
position to gain access to an idle trunk in the 
group in question, even though the selector 


had been conditioned to prevent such access. 


3. Dual-Access Group-Busy Control 


After considerable research, a Camp-on-Busy 
selector was designed that satisfies all the above 
requirements with a total of only five relays for 
each selector. ‘The Camp-on-Busy selector with 
all its special functions thus requires only one 
relay more than the basic (non-“Camp-on-Busy ’’) 
toll selector of the “FW-1” switching system men- 
tioned above. This remarkable result was made 
possible by the development of “dual-access 
group-busy control.” 


The nature of this control principle is that 
the Camp-on-Busy selector is interconnected, 
over two “points of access”, with a group-busy 
control circuit common to all the trunks in the 
group and also common to all selectors serving 
this group. As shown in Figure 17, point of 
access A precedes the switch positions in which 
this trunk group is accommodated, and B fol- 
lows these trunk positions. The first connecting 
position A is used to indicate to the selector from 




















the common-control circuit, whether or not the 
selector is to be forced into position B; in this 
second position, the selector switch acts as a 
multi-wiper connecting medium between itself 
and the common-control circuit. If the Camp- 
on-Busy selector is a_ split-level (two-digit) 
selector, then both positions A and B may be 
regular switch positions. However, if the selec- 
tor is of the single-digit type then position A 
becomes the rotary normal position, and _ posi- 
tion B the overflow position of the switch. 

The dual-access group-busy control principle 
not only makes it possible to take most of the 
signal-switching functions out of the selector 
proper and concentrate them in the common 
group-busy control circuit; it also eliminates the 
need for special accessing equipment, such as a 
Minor Switch in each selector, for linking the 
selector with the group-busy control circuits of 
the various groups of toll trunks which it serves. 
This linking function is aided by the fact that, 
in the case of a four-wire switching selector, an 
extra pair of switch wipers—namely the network 
wipers—are potentially available for establish- 
ing the desired interconnections (actually, in 
the selector described herein, only one wiper 
of the extra pair has been used for this purpose) . 
The group-busy control circuit, in turn, is of 
utmost simplicity, as it consists substantially of 
only three relays common to a toll trunk group 
of any size—an all-trunks-busy relay, a congestion- 
detecting relay and a posted-delay relay. 


4. Trunking 

Figure 17 is a simplified trunking diagram, 
shown in part only, of a central office typical of 
the “FW-1” Intertoll Switching System, in which 
the new Camp-on-Busy selector may be used. 
The office shown has an automatic toll board 
with a number of operator position circuits and 
register-sender circuits connected to each other 
and to the link circuits of the toll board. In- 
coming calls to this toll board from the left, as 
shown in Figure 17, are automatically dis- 
tributed to the operator positions and the in- 
dividual links at these positions. The front 
(right-hand) end of each link has a link selec- 
tor which is of the above-mentioned basic four- 
relay type. These link selectors, in turn, have 
access to a rank of Camp-on-Busy selectors, one 
of which is shown in greater detail Figure 18 (A). 
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Both the link selectors and the Camp-on-Busy 
selectors are arranged for duplex direct-current 
signaling over their extra control (EC) con- 
ductors. More specifically, the numerical im- 
pulses from the operator sender are transmit- 
ted over the EC lead in the forward direction, 
and any supervisory signals that may originate 
at the various stages of the switch train are 
transmitted over the same lead revertively. These 
revertive signals are “high-low” signals—that is, 
direct currents of high and of low intensity. Note 
that, in addition to the EC conductor and the 
conventional test conductor C and line con- 
ductors +L and —L, both the link selectors 
and the Camp-on-Busy selectors have the pair 
of network conductors +N and —N, character- 
istic of the four-wire network-type switching 
used in the “FW-1” system. 

The Camp-on-Busy selectors have access over 
some of their levels (such as 4) to non-toll 
trunks, including trunks forming part of the 
local switch train (not shown in Figure 17), 
and over other levels (such as 3) to groups of 
toll trunk circuits. Included in the group of toll 
trunk circuits connected to level 3, for example, 
is toll trunk circuit 2, which terminates toll trunk 
2 leading to a distant office. Each of these groups 
of toll trunk circuits has individually associated 
with it a group-busy control circuit, details of 
which are shown as of Figure 18(B). In 
Figure 17, only the one group-busy circuit serv- 
ing the third-level group of toll trunks has been 
schematically illustrated; it is controlled by all 
the trunk circuits of this group, via connection 
10. Figure 17 also shows how the group-busy 
control circuit is connected to all the selectors 
of this rank via a first connecting point A, ad- 
jacent to one end of the associated trunk group, 
and also via a second connecting point B, ad- 
jacent to the other end of this group. The 
group-busy control circuits serving the other toll 
levels are similarly connected. 


In Figure 17, points A and B are shown out- 
side the ten-point level because the particular 
Camp-on-Busy selector illustrated in Figure 18 
(A) is assumed to have single-group levels only 
(that is, it is a “one-digit” selector). In this 
case, use may be made of the normal rotary 
position (or, more specifically, the vertical 
wiper and bank of the switch) for providing 
connecting point A; also, because the Strowger 











switch is equipped with 11 rotary contacts in 
each bank, the 11th rotary or overflow position 
of the selector switch may conveniently be 
utilized to furnish connecting point B. On the 
other hand, if the Camp-on-Busy selector is a 
split-level (two-digit) selector, then one or both 
of the two connecting points A, B, may be pro- 
vided in one of the ten regular rotary step 
positions. As an example, if the group of toll 
trunks in question occupies rotary positions 4 
to 7 of the level, then connecting point A may 
be in rotary position 3, and connecting point B 
in rotary position 8. 


Referring to Figure 17, each of the group- 
busy control circuits is connected over a cable 
(such as 11) with an associated set of super- 
visory lamps in the lamp panel (Figure 18 (C) ) 
of each operator position of the switchboard, and 
over a cable (such as 12) with another as- 
sociated set of lamps and a multi-level manual 
selecting switch in the chief operator’s control 
console (Figure 18(D). This manual switch 
enables the chief operator to choose any one 
of eleven different operating or signaling modes 
as required by the traffic conditions that may 
prevail at any given time. 


The rank of Camp-on-Busy selectors is ac- 
cessible over the banks not only of the link 
selectors but also of incoming intertoll selectors 
which are identical with the link selectors such 
as the one shown in Figure 17 associated with 
toll trunk 1. As a result the Camp-on-Busy 
selectors may also be used for the automatic 
establishment by an operator in a distant or- 
iginating office of intertoll connections extend- 
ing to a subscriber in this office (or a nearby 
office) , or extending by way of this office as a 
tandem office, to a terminating toll office such 
as the one connected to the far end of toll trunk 
2, Figure 17. 


For simplicity it may be assumed that the 
aforementioned originating and _ terminating 
offices are of the same structure as the office 
shown in Figure 17. This means that the out- 
going toll trunk circuit 2 of the originating 
office is of the same type as the incoming toll 
trunk circuit 1 of the tandem office, and that 
the incoming toll trunk circuit | of the terminat- 
ing office, in turn, is of the same type as the out- 
going toll trunk circuit 2 in the tandem office. 


For example, all these trunks may be four-wire 
terminal-repeatered with “E and M” signaling 
(duplex signaling over separate signaling chan- 
nels). Of course, both trunk circuits 1 and 2 
and their associated line equipment may well 
be of the two-way type, and in that case may 
be of identical design. 


5. Calls from Local Operator 


In explaining the operation of the new Camp- 
on-Busy selector and its associated control cir- 
cuits in detail it will be convenient to assume 
first that the calls in question are initiated by 
an operator at the local toll board. Features and 
advantages that are peculiar to tandem calls— 
that is, to inter-toll connections set up by an Op- 
erator in a distant originating office—will be 
pointed out later. 


The Camp-on-Busy selector, Figure 18, is 
marked as idle to the preceding selectors by 
battery which is normally connected to C lead 
via the non-inductive winding 2 of relay E. 
When the preceding switch (in this case, a 
link selector) switches through, the Camp-on- 
Busy selector is seized by application of direct 
ground to the C lead; this ground also guards 
the selector against seizure by other switches. 

At the same time a circuit is closed from 
battery through the low-resistance winding of 
a supervisory relay in the operator sender and 
the EC lead to winding | of impulse relay A 
and ground. Relay A operates in series with the 
sender supervisory relay. Relay C (which, in ef- 
fect, is a combination hold and change-over 
relay) operates from ground at a2, shorting 
winding 2 of discriminating relay T at c5 and 
preparing vertical stepping at c3. 


(a) Extending Call Over a Non-Toll Trunk 


Assuming the call is to be extended over non- 
toll trunk level 4, the digit received by the 
Camp-on-Busy selector from the register sender 
is 4—that is, the circuit over the EC lead is 
interrupted four times. Upon the first release 
of A, the switch shaft is raised one step (from 
ground at al), and the _ vertical-off-normal 
springs operate. The original operating circuit 
of C is opened at VON4 but due to the closure 
of VERT/INT, ground on the C lead is ex- 
tended to both windings of C in series. Due to 
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the closure of VON-2, relay E operates upon the 
reoperation of A at the end of the first impulse. 
In response to each of the following impulses the 
switch shaft is raised one step; E is intermittently 
released and C, being slow-to-release, remains 
operated during the impulse series. 


At the end of the digit, with the switch wipers 
raised to level 4, C restores, disconnecting the 
vertical magnet at C4, opening the short-circuit 
across winding | of discriminating relay T at ©5, 
and closing the circuit to the rotary magnet at 
c2. Since level 4 is a non-toll level, direct ground 
is strapped to the corresponding vertical bank 
contact at this level (as it is at all other non- 
toll levels) so that ‘T operates over the vertical 
wiper while the switch is still in its rotary-normal 
position. Relay IT locks to ground on C over 
contact tl, with rectifier MR-1 serving to keep 
ground on the incoming C lead from backing up 
into the incoming +L lead. At t2, t3, relay T 
effects a transfer from +N wiper to the EC wiper; 
and at t4 it establishes a testing path for the 
subsequent battery-searching switch operation. 

Due to the ensuing interrupter action between 
the rotary magnet and relay E, the switch wipers 
are automatically advanced over the selected level 
in search of an idle trunk. On the first rotary 
step the RON springs operate, and the circuit 
of winding 1 of T is broken as the vertical 
wiper disengages the vertical bank. 


If an idle trunk is found, test relay D operates 
(ground, a2, winding | of D, CAM-3, t4, C 
wiper to battery in the succeeding circuit). At 
d2 relay D prevents further stepping and locks 
over its winding 2 to ground on the C lead; at 
d5 it applies direct ground to the C wiper, there- 
by shorting its winding 1; at d7 it renders itself 
slow-to-release; at d9, dll, d12 and dl3 it 
switches the line and network conductors 
through. At d10 it removes line termination 
C3 from across the incoming line conductors; 
at d6 and d15 it switches the EC lead through 
by way of cam contact CAM-2; and at dl4 it 
permits A to restore. 


The connection may now be completed over 
the local switch train in response to further im- 
pulse series transmitted by the operator sender 
over the EC lead. After all digits have been 
sent the sender is automatically released, and at 
the toll-board end of the EC lead, battery 
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through the low-resistance supervisory relay in 
the sender is now replaced by battery through 
a likewise low-resistance supervisory relay in the 
link. Answering supervision is given by the sub- 
stitution of high-resistance ground for low- 
resistance ground at the connector end of the 
EC lead, so that the link supervisory relay re- 
leases, thereby extinguishing the front super- 
visory lamp in the link. 


Release of the called party restores the EC 
lead to its original low-resistance condition. The 
link supervisory relay re-operates, the front 
supervisory lamp is lit and the operator takes 
down the connection. The resultant release of 
the link selector causes ground to be removed 
from the incoming C lead, so that T and D re- 
store and the switch returns to normal due to 
the operation of RLS at d4. Removal of ground 
from the C wiper permits the succeeding 
switches to restore. 


If, when the selector (Figure 18(A)) has started 
on its trunk-hunting action in level 4, all trunks 
connected to this non-toll level are busy, the 
selector continues its rotary movement until it 
reaches its 11th rotary (or “overflow’’) position. 
Due to closure of cam contact CAM-4, relays D 
and C are now energized in series (ground, a2, 
winding 1 of D, CAM-4, winding 2 of C, bat- 
tery). Relay D, in operating, performs sub- 
stantially the same _ switching functions as 
described above; however, in the present in- 
stance the opening of CAM-3 prevents contact 
d5 from applying ground to the C wiper, and 
the opening of CAM-2 causes a low resistance to 
be interposed between the EC lead and EC 
wiper. The opening of CAM-1 keeps the +N 
lead from being switched through (without 
effect on calls to non-toll trunk levels). The 
operation of relay C, furthermore, causes line 
termination C4, RI to be interposed in the switch- 
through path of the —L lead. 


With the EC lead switched through by way 
of 250 ohms, interrupted low-resistance ground 
is now returned to the sender from the flashing 
signal source shown connected to the EC bank 
contact in the overflow position of level 4 of 
the switch—namely, via contacts t3 and d6. Re- 
sponsive to the corresponding intermittent re- 
lease of the supervisory relay in the sender, the 
latter is automatically dismissed. The _ toll- 














board end of the EC lead thus is transferred to 
battery through the link supervisory relay, as 
explained above, and the front-end supervisory 
lamp of the link accordingly flashed at the in- 
terrupter rate of the flashing source, advising 
the operator of the all-trunks-busy condition. 


Simultaneously, busy tone is returned, by way 
of line termination c4, rl, from the busy-tone 
source shown connected to the +L and —L 
bank contacts in the I1th rotary position of 
level 4. ‘Thus, if the connection is being mon- 
itored, the operator and the calling subscriber 
receive an audible signal, which is in addition 
to the lamp-flashing signal. If no audible signal is 
required, strap Z is used in lieu of the busy- 
tone source so that the incoming line conduc- 
tors remain terminated in the 11th rotary posi- 
tion of the switch, by way of C4, RI. 


When the operator disconnects, removal of 
ground from the C lead permits T and D to re- 
lease; D, in restoring, opens the circuit of 
C at d5. During the release time of C the over- 
flow meter associated with non-toll level 4 is 
operated (ground, al, d4, c4, RON-2, NP-2, C 
wiper, C bank contact in the 11th rotary position 
of this level, meter M, battery). Upon release of 
C, the circuit for release magnet RLS is com- 
pleted and the switch returns to normal. 


(b) Extending Call Over Toll Trunk 


Let us assume that the local operator wishes 
to extend a connection over the group of toll 
trunks connected to level 3 of the “camp-on- 
busy” selectors. The operation of the selector 
(Figure 18), when raised to level 3 is similar 
to that described above for a call over level 4, 
except that, since level 3 is a toll level, normal- 
post springs NP-1 and NP-2 are not actuated. In 
the case of this toll level 3 it is the group-busy 
control circuit which is connected to the various 
bank contacts in the 11th rotary position of the 
selector switch, by way of cable B; and this 
group-busy control circuit is further connected 
to the third-level vertical bank contact of the 
switch, by way of connection A. 


Under normal traffic conditions relays OFR 
and PDF are at normal and, assuming that at 
least one trunk of the group is idle, all-trunk- 
busy relay ATB is operated. As a result, lead 
VB (A) is connected to ground by way of pdfl 


and atb3; consequently, ‘IT operates and locks 
(as described above) when the short-circuit 
across its winding | is opened at c5 at the end of 
the digit. After the selector has found an idle 
trunk circuit (say, trunk circuit 2) in the se- 
lected level, 3, switch-through takes place sub- 
stantially as explained above. 


As to the further extension of the call, 
dial pulses subsequently received from the send- 
er are converted in trunk circuit 2 into a differ- 
ent kind of pulses for transmission over the toll 
trunk, and are then converted back in the in- 
coming trunk circuit of the terminating office. 
The answer-and-release supervisory signals re- 
vertively transmitted from the connector in the 
remote terminating office are subject to similar 
conversion at both ends of the trunk. Voice 
currents are transmitted in this case over the 
line conductors +L, —L, and the network con- 
ductors +N, —N. 


Various conditions will now be discussed un- 
der which the Camp-on-Busy selector after being 
directively set on its third level, is advanced, 
in one way or another, into the overflow posi- 
tion of this level. For the purposes of this dis- 
cussion it will be helpful to list the modes of 
operation corresponding to the various posi- 
tions on which the manual selecting switch MS, 
in the chief operator console, may be set: 


TABLE 1. 
Position of Manual 


Switch MS Function 


l Reorder 

2 No camping 

3 Camping of | selector 
permitted 

4 Camping of 2 selectors 
permitted 

5 Camping of 4 selectors 
permitted 

6 Test 

7 1/2 hour to | hour delay 

8 1 hour to 3 hours delay 

9 3 hours to 6 hours delay 

10 Over 6 hours delay 

1] Call operator 121 
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These eleven modes of operation selectable by 
the manual switch may conveniently be grouped 
into three selector operating conditions: 


TABLE 2 
Manual switch MS 


Selectors conditioned for in position 


1. Limited camping 3, 4 or 5 
2. Posted delay 7, 8, 9, 10 or I] 
3. Miscellaneous 1—Re-order 
conditions 2—No camping 
6—Test 


(1) Selectors Conditioned for Limited 
Camping. 

First, let us assume that switch MS (Figure 18(D)) has 
been set on position 3 to permit one selector to camp on 
this group of toll trunks (level 3) when the group is 
busy; let us also assume that an all-trunks-busy condition 
exists so that relay ATB (Figure 18(B)) is released. 


Therefore, at atb8, a circuit is closed to the associated 
group-busy lamp in the Chief Operator console, indicat- 
ing the ATB condition in the group in question, and at 
atb9 another circuit is closed to a similar group-busy 
lamp at each switchboard operator position. (In the case 
of a large toll board, contact atb9 actually would be a 
contact on one of a number of signal-distributing relays 
controlled by relay ATB; the same would apply to con. 
tact pdf3 of relay PDF). At atb3, atb4, relay ATB switches 
lead VB(A) from direct ground to ground controlled 
by ofrl; at contacts atbl, atb2 it switches the EC (B) 
lead from the re-order interrupter to wiper S of switch 
MS; and at atb5 to atb8 it conditions congestion-detect- 
ing relay OFR (a polarized relay) so that it limits the 
number of toll selectors simultaneously permitted to camp 
on this busy group. 


With switch MS in position 3, and relay ATB released, 
polarized relay OFR is connected into the diagonal of 
a Wheatstone bridge having the following four arms: 
battery-connected 1,000-ohm resistance R5; 1,000-ohm re- 
sistance R7, which is ground-connected by way of con- 
tact atb5 and wiper W of switch MS in position 3; bat- 
tery-connected 1,000-ohm resistance R6; and the _ 1,000- 
ohm total resistance resulting from the series connection 
of 750-ohm resistance R10 and 250-ohm resistance R8. 
Thus, all four arms of the Wheatstone bridge are of 
equal resistance (1,000 ohms), and the bridge is at 
balance. Polarized relay OFR, which is _ spring-biased 
toward its normal position, does not operate under this 
condition. However, since lead C(B) is connected to 
the lower terminal of this relay by way of contact atb7, 
the circuit is set for a change in the above condition of 
balance by the application, over the C wiper of one of 
the Camp-on-Busy selectors, of “camping potentials” to 
this lead in a manner more fully explained below. 


If one of the Camp-on-Busy selectors is set by a toll 
operator on level 3 under this condition, relay T of this 
selector operates at the end of the impulse series (ground, 
ofrl, atb4, pdfl, VB(A), vertical wiper at level 3, wind- 
ing 1 of T, R4, battery). The switch then “cuts in” on 
the selected level, but inasmuch as all trunks in the 
level are busy, D is unable to operate in any of rotary 
positions | to 10, and the switch reaches overflow. Since 
the cam contacts are now actuated, D operates in series 
with C, and relay A releases, all as described above for a 
non-toll call. As the normal-post springs remain at normal 
in the instant toll call, the following additional ground 
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connection is now established to the lower terminal of 
OFR (Figure 18(B)): ground, d5, NP-1, 3000 ohm re- 
sistance K3, t4, C wiper in the 11th rotary position of 
level 3, lead C(B), atb7, lower terminal of relay OFR. 
Total resistance of the lower ground arm of the Wheat- 
stone bridge is reduced to 750 ohms. Relay OFR is 
designed to operate under this condition of unbalance. 


As relay OFR is polarized, a current flowing through 
its winding in the opposite direction, due to an unbalance 
of the bridge in the other sense, will not result in the 
operation of the relay. Generally speaking, OFR operates 
only when the number of camping selectors is greater 
than corresponds to the condition of balance of the 
bridge. Once the relay has operated, it will release when 
the bridge is returned to balance or becomes unbalanced 
in the opposite sense. 


Relay OFR, in operating, at ofrl removes ground from 
the VB(A) lead, to prevent further selectors set on level 
3 from effectively camping on this group, as described 
hereafter; and at ofr2 it lights the overflow lamp at the 
Chief Operator console. 


Reverting again to the switch-through of the selector 
(Figure 17) in the 11th rotary position of level 3, a 
“camping” signal—for example, an irregular 60 I.P.M. 
flashing signal—is now transmitted to the toll board 
(ground, “camping” signal source, wiper S of switch MS 
in position 3, atb2, EC(B), EC wiper t3, d6 winding 
2 of A, dl5, EC lead.) The sender accordingly reléases; 
subsequently, the supervisory relay in the link is con- 
trolled by the ground pulses from the “‘camping”’ signal 
source to correspondingly flash the front-end supervisory 
lamp of this link. The irregular 60 I.P.M. flashing signal 
instructs the operator to “camp” on the busy group— 
that is, to hold the connection to the “group-busy” 
control circuit, (Figure 18(B)), in wait for the receipt of a 
further signal. 


When a trunk in the group later becomes idle, the 
ATB relay will reoperate. At atb8 and atb9 it extinguishes 
the group-busy lamps; at atb3 ground is reconnected to 
the VB(A) lead independently of the condition of OFR; 
at at5 to at7 all ground connections are removed from 
OFR, so this relay is caused to release; and at ath2, atbl, 
the EC(B) lead is switched from the “‘camping”’ signal 
source to the “reorder” signal source. The flashing of the 
link supervisory lamp accordingly is changed to the 
“re-order” rate (120 I.P.M.), as an indication to the 
operator that a trunk has become available. In response 
to this signal the operator disconnects and then re- 
actuates the keyset in another attempt to establish the 
desired connection. 


Let’s assume that another selector of the same rank 
is placed on level 3 while the first selector is still camping 
in the overflow position of this level, and while OFR is 
still operated. When the vertical wiper of this second 
(or ‘“excess’’) selector engages the third vertical bank 
contact, discriminating relay T of this selector cannot 
operate, as ground has been removed from the VB(A), 
lead at ofrl. Therefore, when the selector is launched 
on its rotary movement, test relay D remains disconnected 
from ihe C wiper at open contact t4. The wipers of the 
selector switch are forced into overflow, D and C are 
then caused to operate as described above, and A is per- 
mitted to release. 


Due to the failure of T of the “excess” selector to op- 
erate, wiper +N of this selector remains connected up 
at contact t2 so that a “no-camping”’ signal is now 
applied to the EC lead of this selector over the following 
circuit: ground, “no-camping” signal source, wiper R 
in position 3, -+-N(B) lead, +N wiper of selector, t2, d6, 
winding 2 of A, d15, EC lead. Thus, following release of 
the sender, the front (supervisory) end of the link used 
in the call involving the “excess” selector is intermittently 
lit at the “no-camping” rate (e.g., 30 I.P.M.). All op- 
erators are instructed to disconnect upon the receipt of 
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this “master” busy signal and then make another at- 
tempt at a later time. 


Since the vertical wiper of the “excess” selector dis- 
engages the vertical bank incident to the first rotary step 
of the switch, T is prevented from operating even though 
the number of “camping” selectors later drops to or 
below the permitted limit, resulting in the reconnection 
of ground to the VB(A) lead at ofrl; thus, there is no 
inducement for the operator to “camp” on the busy 
group in disregard of the master busy signal. Open con- 
tact t4, at the same time, prevents the application of 
8,000-ohm “camping” ground to polarized relay OFR, so 
“excess” selectors (selectors beyond the number per- 
mitted to camp), are not “counted” by OFR in determin- 
ing this number. 


The foregoing discussion was based on the assump- 
tion that switch MS was set on position 3. If this switch 
is set on position 4, OFR is conditioned to limit to two 
the number of selectors which are permitted to “camp” 
on the toll group in question. With switch MS in posi- 
tion 4, 1,500 ohms are normally connected to the lower 
ground arm of the Wheatstone bridge during an ATB 
period (OFR does not operate under this condition) . 
When the total resistance in this branch of the Wheat- 
stone bridge is later reduced to 1,000 ohms—namely, by 
the first selector left camping in the overflow position of 
this group—the Wheatstone bridge is merely placed in 
a condition of balance and OFR is still unable to operate. 
However, when another selector reaches overflow the 
total resistance of the Wheatstone bridge is reduced to 
750 ohms, and OFR operates. 


if switch MS is set on position 5, the lower variable 
arm of the Wheatstone bridge is normally open-circuited. 
As a consequence, it takes a parallel connection of four 
,000-ohm resistances R3 to lead C (B) —which corresponds 
to four selectors camping on this group—to reduce the 
total resistance of the Wheatstone bridge arm to 750 
ohms and thereby cause the operation of OFR. 


In each of positions 3 to 5 of switch MS (and also 
in test position 6 which will be discussed below) , a direct 
connection is set up between leads +L(B) and —L(B), 
by way of wipers T and U of switch MS. The line con- 
ductors of any selector resting in the overflow position 
of this group, therefore, remain terminated through a 
line termination such as C4, Rl (Figure 18(A)). 


(2) Selectors Conditioned for “Posted Delay.” 


Positions 7 to 11 of selecting switch MS are used by the 
Chief Operator for setting up one of five possible “posted 
delay” conditions, depending on the delay expected to 
occur in the associated group of toll trunks. In each 
of these positions, wipers IT and U of switch MS are 
connected to one of five pairs of output terminals of a 
common Posted-Delay Announcing Machine. (This ma- 
chine is a modification of Automatic Electric’s well-known 
Automatic Time Announcer(1).) 


In positions 7 to 11 of switch MS, no connection is 
(1) Automatic Electric Technical Journal, January 1951. 
established to the lower terminal of OFR by way of 
wiper X, and no connection to the upper terminal by 
way of wiper W. Therefore, OFR is prevented from op- 
erating at any time, but PDF operates over wiper W. 
At pdf2 and pdf3, “posted delay” lamps are lighted at the 
Chief Operator console and the switchboard operator 
positions, respectively; and at pdfl, ground is removed 
from the VB(A) lead regardless of the condition of ATB. 
lhe lighting of the “posted delay” lamps at the indi- 
vidual switchboard positions warns the operator at the 
local toll board that a major traffic congestions exists in 
the traffic direction in question. Should an operator, in 
spite of these warnings, key up a connection to a group 
on “posted delay,” the toll selector used in this connec- 


') Automatic Electric Technical Journal, January 1951. 


tion will automatically inform the operator of the delay 
set up for this group at that particular moment, in the 
following manner: 


When the selector in question is set on the group on 
“posted delay” (level 3), T is kept from operating due 
to absence of ground from the VB(A) lead. The +N 
wiper of the selector, therefore, remains connected via 
t2, and since the C wiper remains disconnected at t4 the 
selector, upon rotary cut-in on level 3, is forced into 
overflow and permitted to switch through in that posi- 
tion—all as explained above for an “excess” selector. 
In the instant case, however, a distinct “posted delay” 
flashing signal is returned over the EC lead (ground, 
P.D. interrupter, (Figure 18(D)) wiper R-in any of posi- 
tions 7 to 11. +N(B) wiper, +N wiper t2, d6, 2 of A,d15, 
EC lead.) The characteristic P.D. flashing signal (say, one 
very long pulse followed by two short pulses) may be 
produced, for example, by a cam on the drum shaft of 
the P.D. announcing machine. Upon release of the 
sender, the link supervisory lamp flashes in the rhythm 
of the P.D. pulses. With contact t4 open, the applica- 
tion of 3000-ohm “camping” ground is prevented as in 
the case of an “excess’’ selector. 


Supposing that switch MS has been set on its first 
P.D. position 7, the following announcing loop is closed 
over the line conductors: output 1 of the P.D. Announc- 
ing Machine (“14 hour to | hour delay”, see Table 1), 
wiper U and T in position 7, leads +L(B) and —L(B), 
selector wipers +L and —L, etc. In this manner, the 
operator is automatically informed, over the line wipers 
of the toll selector in their overflow position, of the par- 
ticular delay condition existing in this toll group at the 
time the call is made. With switch MS set on any other 
of its “posted delay” positions (8, 9, 10, or 11) the op 
eration of the system is similar, except that one of the 
other delay messages listed in Table | is returned from 
the corresponding pair of output terminals of the 
Announcing Machine. “Operator 121” (position 11) is a 
special operator. 


Receipt of the P.D. flash signal, together with one of 
these recorded delay messages, serves as an instruction 
that the switchboard operator is to attempt the comple- 
tion of a call only on a delay basis, or to pass the call 
on to a Delay Operator for further handling. The Delay 
Operator may later attend to the various calls which 
are received, in order of receipt, or may dispose of them 
in any suitable manner. 

A notable feature of the Camp-on-Busy selector 
is that it enables the switchboard operator to 
override a “posted delay”’ condition. This feature 
is of particular benefit to the special Delay 
Operator who has been assigned to handle calls 
of this nature transferred by other toll operators 
on a delay basis. It enables the Delay Operator, 
if desired, to obtain access to idle trunks that 
may from time to time become available in a 
group placed on “posted delay’”—even though all 
other switchboard operators are still barred from 
access to this group. For this purpose there is 
provided as part of the operator position cir- 
cuit, at some or all operators’ positions, a non- 
locking ‘“‘cut-in’”” key which, when momentarily 
depressed prior to the keying up of the called 
number on the operators keyset, controls the 


Camp-on-Busy selector to override a “posted de- 
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lay” condition set up in the selected toll group. 


The circuit operation follows: 


A “cut-in” control relay in the sender circuit, 
which operates and locks, responsive to the actu- 
ation of the “cut-in’ key, connects resistance 
ground to the —L lead of the link selector, Figure 
17. Therefore, as soon as the link selector has 
seized a Camp-on-Busy selector, discriminating 
relay ‘I is operated over its winding 2 (ground 
on the +L lead, d8, MRI, R2, winding 2 of T, 
battery). In this manner relay T is operated, 
irrespective of whether relay PDF, (Figure 18- 
(B) ), is in operated condition due to switch MS 
being in one of posted delay positions 7 to 11— 
that is, irrespective of whether ground has been 
disconnected from lead VB (A). 


Relay TI in operating, closes its own locking 
circuit at contact tl, effects the transfer from 
the +N wiper to the EC wiper at t2, t3, and 
connects winding | of D to the C wiper at t4. 
Therefore, after the selector, responsive to the 
second series of impulses transmitted by the 
sender, has been set on level 3 and then started 
on its automatic rotary action, test relay D is 
conditioned to arrest this automatic advance- 
ment and switch the selector through when an 
idle trunk is encountered in this level. 


However, if all trunks in this group are actu- 
ally busy at this time, then the automatic ad- 
vancement of the switch will continue until 
its wipers reach overflow. D and C operate in 
series and A releases, all as previously described. 
The P.D. flashing signal is now transmitted back 
over the EC wiper (ground, P.D. interrupter, 
wiper S in any of positions 7 to 11, closed con- 
tact at b2, EC (B), EC wiper,) resulting in the 
forced release of the sender and the intermittent 
lighting of the link supervisory lamp in the 
rhythm of the P.D. interrupter pulses. Simul- 
taneously—that is, during the interval between 
the P.D. flashes—a recorded announcement is 
returned by way of the line wipers over the cir- 
cuit traced above. Both signals inform the oper- 
ator of the condition actually existing in the 
group in question at this time. The operator, 
being authorized to override P.D. conditions as 
assumed, may ignore these signals and ‘“‘camp” 
the selector on the busy group. As soon as a 
trunk in the group becomes idle the ATB relay, 
(Figure 18-(D)) reoperates so that contacts atb2, 








atbl transfer the EC (B) lead from the P.D. 
interrupter to the “re-order” interrupter. The 
flashing of the link supervisory lamp, therefore, 
is changed to the “re-order’’ rate. 


When the “cut-in” control relay in the sender 
circuit operates under the control of the “cut. 
in” key, it closes a locking circuit for itself as 
mentioned above. This locking circuit is auto- 
matically broken after the sender has trans- 
mitted its second digit. Therefore, after the 
Camp-on-Busy selector has been positioned in 
response to this digit, the “cut-in’” control relay 
releases, removing override ground from line 
conductor +L, and thereby clearing this con- 
ductor for the subsequent transmission of other 
signals, such as the ring-control signal. 


Actuation of the “cut-in” key (prior to key- 
ing up the connection) makes it possible for the 
operator in a similar manner to override a “no- 
camping” condition that may exist due to the 
operation of the OFR relay when a temporary 
trafic congestion exists with switch MS in one 
of its limited-camping positions, see the preced- 
ing section. In such a case the artificial opera- 
tion of T from override ground on the +-L lead 
enables the “excess” selector to seize an idle 
trunk that may just have become available. If 
no trunk has become available the selector 
reaches overflow and the “camping” signal is 
returned to the operator, preceded by the auto- 
matic release of the sender. ‘The operator, will 
“camp” the selector on the busy group. When 
the group “opens up”, the “camping” signal is 
replaced by the “re-order” signal. 


3. Miscellaneous Conditions 


Some trunk groups are so liberally engineered that 
all trunks-busy conditions are rare; even if such a con- 
dition does occur in these groups, it will be, as a rule, 
of only momentary duration. The Chief Operator may 
set the manual switch of such trunk groups on position 
1 (“Re-order”). In this position, wiper X of this switch 
is open-circuited even with contact atb6 closed, while 
direct ground is connected at all times to the upper 
terminal of OFR by way of wiper W. Relay OFR, there- 
fore, is prevented from operating, regardless of how 
many selectors may simultaneously be resting in the over- 
flow position of level 3. Also note that wiper S$ in this 
case is connected to the “re-order” interrupter; as a 
result ground is returned over lead EC (B) at the “re- 
order” rate (120 I.P.M.) regardless of whether ATB 1s 
operated or not. 








consequently, after a selector has reached overflow 
position, the sender is released and the link supervisory 
lamp flashed at the ‘“‘re-order” rate, even though all trunks 
in this group are busy at this particular instant. Simul- 
taneously, “re-order” tone (120 I.P.M.) is returned to 
the operator over wipers U and T and leads +L (B) 
and —L (B). (Strap Zl is provided to properly termi- 
nate the line conductors if this audible signal is not 
used.) As the ATB condition will quickly be relieved, 
the operator may be expected to find a trunk that is 
idle—even if she promptly releases the first connection 
and immediately tries again. 


Position 2 of the manual switch is used by the Chief 
Operator to prevent any camping whatever; the “master” 
busy signal is then irrevocably returned to the operator 
during an ATB condition, even though no other selector 
is- “camping” on the group in question at a given time. 
With switch MS in position 2, and relay ATB restored, 
the lower variable bridge arm is formed by ground 
through 750-ohm resistance R10, and the upper variable 
bridge arm by ground through 1,000-ohm resistance R7. 
This corresponds to the condition under which polarized 
relay OFR is designed to operate so that ground will be 
disconnected from lead VB (A) at ofrl. 


As a result, the T relay of any selector that may be 
positioned on this group during an all-trunks-busy con- 
dition will be kept from operating over the vertical 
wiper, and at the time the selector reaches overflow, 
the 30 I.P.M. “no-camping” signal will be returned over 
the EC lead and the 30 I.P.M. “‘no-camping” tone over 
the line conductors. If this tone source is not connected, 
strap Z2 is furnished instead, to insure proper termina- 
tion. The operator may override the “no-camping” con- 
dition by means of the “cut-in” key. 


Position 6 of manual switch MS has been set aside for 
testing purposes. In this position, 750-ohm ground is 
normally connected to the lower terminal of relay OFR, 
and 1,000-ohm ground to its upper terminal, both these 
connections being independent of contacts of the ATB 
relay. As explained in the section on Limited Camping, 
polarized relay OFR is expected to operate under this 
condition, and light the overflow lamp at the Chief 
Operator console. 


6. Calls From Toll Operator in Distant 
Originating Office 


It remains briefly to describe how the operator in a 
distant originating office benefits from the signaling faci 
lities provided in this new Camp-on-Busy selector, if the 
operator extends a call by way of the intertoll switching 
equipment of the tandem office shown in (Figure 17). If 
the originating office is of the same type as the tandem 
office (as above assumed), the toll operator in the origi- 
nating office reaches the Camp-on-Busy selector in the 
tandem office through a switch train in the originating 
office, the toll trunk interconnecting the originating and 
tandem offices, and the incoming selector in the tandem 
office. The numerical pulses would be transmitted, in 
this case, over the EC lead within the limits of the two 








switch trains and, in “E and M” signaling fashion over 
the toll trunk, as explained above. Obviously the con- 
nection may be extended in this manner over more than 
one toll office if desired. 


If a trunk in the toll group (level 3 of the Camp-on- 
Busy selector in the tandem office) is idle, the operator 
at the originating toll board will thus be connected to a 
four-wire toll trunk, outgoing to the terminating office. 
However, if all trunks in this group are busy, or if, for 
example, a “posted delay” condition has been set up in 
this group by the Chief Operator of the tandem office the 
originating operator will receive the same signals from 
the toll selector in its overflow position as did the 
operator at the tandem-office toll board in the various 
cases described above. It must be understood that the 
various flashing signals returned over the EC lead of 
the intertoll switch train in the tandem office are con- 
verted into “E and M” signaling pulses (as assumed) in 
toll trunk circuit 1. 


If the desired toll group in the tandem office is on 
“posted delay” the operator will be notified of this con- 
dition by the receipt of the P.D. flashing signal and the 
delay announcement. This announcement also contains 
an identification of the office (in this particular case, 
the tandem office) in which the delay is encountered. 
The originating operator may accordingly try another 
route, or cause this call to be handled by a delay oper- 
ator at the originating toll board. Alternatively, the 
originating Operator may transfer the call to a delay 
operator at the tandem office toll board, for completion 
in the proper order. 


7. Variants 


The selector shown in (Figure 18(A)) has set the pat- 
tern for a number of other Camp-on-Busy selectors, all 
developed by Automatic Electric for use’ in the “FW-L” 
Intertoll Switching System. 


One of these selectors is of the digit-absorbing type 
and another includes “stop-dial” on levels leading to 
common-control offices. Another Camp-on-Busy selector 
incorporates both of these additional features and yet 
requires only a total of six relays to provide all these 
services. It has been pointed out before that the dual- 
access group-busy control principle is also applicable to 
multi-group levels. Thus one of the Camp-on-Busy se- 
lectors included in this project is a one-and-two-digit 
selector. 

One-and-two-digit toll selectors and digit-absorbing toll 
selectors of the non-Camp-on-Busy type are, of course, 
also available in the “FW-1” system, and so are two- 
digit-only selectors. Most of these non-Camp-on-Busy 
selectors, including the basic (four-relay) selector men- 
tioned in the introduction of this section and a modifi- 
cation designed for inter-position service, are arranged 
for the transmission of a busy signal as a “posted delay” 
announcement in the overflow position of the switch— 
over the EC wiper and the line wipers, respectively. If 
a P.D. announcement is desired, a manual selecting 
switch such as that shown in (Figure 18-3 (D) ) ,is also used 
in conjunction with these non-Camp-on-Busy selectors. 
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There are occasions when trunk groups be- 
come so large that the most efficient use of the 
trunks cannot be made, even though they are 
properly graded. When this occurs, secondary 
selection may be used to enlarge the number of 
paths which can be seized from a selector level. 
The increased number of trunks made available 
from a particular point of selection enables the 
trunks to be used more efficiently; therefore, the 
total number of trunks required to carry a 
specific amount of traffic, at a given grade of 
service, can be reduced. In general, secondary 
selection becomes attractive when the cost of 
secondary distribution is less than that of the 
trunks which are replaced.* 

This article describes how Outgoing  Sec- 
ondary Switches (OGS) are used in the “FW-1” 
Intertoll Switching System to raise the efficiency 
of trunk groups, and how the functions of pret- 
erential trunk selection are accomplished by the 
addition of simple applique control circuits. 


Secondary Switch 


The Automatic Electric Type 45 
switch is employed for secondary selection. ‘This 


rotary 


*“Approximate Computation of the Grade of Service 
in Primary-Secondary Arrangements” by Dr. Imre Mol- 
nar, Automatic Electric Technical Journal, June, 1956 
and Automatic Electric Company Bulletin 485. 
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switch has a 50-point bank and is of ratchet- 
tooth, indirect-drive design; it is arranged cir- 
cuit-wise to be relay-interrupted and _ pre-select- 
ing—that is, it may hunt independently for idle 
trunk circuits prior to seizure. ‘The position of 
the OGS switch with respect to the selector and 
trunk can be seen in Figure 19. Since this is a 
pre-selecting switch it is possible, and likely, 
that more than one switch will simultaneously 
select the same trunk. 


The operation of the OGS switch is shown in 
Figure 20. Four levels are required for trans- 
mission purposes, and one level for impulsing 
(for simplicity, these five levels are shown as 
one). The SSP and C levels are connected to- 
gether by a strap between the P(in) and P 
(out) terminals, a pair being provided for each 
trunk connected to the OGS bank. The C lead 
is used for indicating idle and busy conditions 
of the circuits, and for switch-train holding 
grounds. The SSP level controls the rotation 
and positioning of the switch; a relay circuit, 
(two relays for each switch) is arranged to make 
the switches ‘‘absence-of-ground” searching. 
Terminals D and G (one pair for each switch) 
are directly connected in this example, and have 
other uses which will be described later. 


The C lead passes through a low-impedance 
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Figure 19. OGS Switch with Respect to Selector and Trunk 


relay in the OGS relay circuit and then to a 
500-ohm idle-indicating battery in the trunk 
circuits. Thus, when a battery-searching selec- 
tor tests the contacts on one of its levels it is 
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Figure 20. OGS Switch and Associated Control Re!ays 


actually testing the C leads of the trunk circuits 
and not those of the OGS switches. Trunk selec- 
tion therefore is made as rapidly as if there were 
direct selection. 


As an example, suppose that three switches 
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TRUNK GROUP CIRCUIT 


Figure 21. Application of Trunk Group Circuit to Ungraded 
Trunk Group 








have selected a single idle trunk. When a selector 
tests and seizes this trunk, ground is projected 
forward over a C lead through one of the OGS 
switches. ‘The low-impedance relay which is in 
series with this C lead will operate and disable 
the switch stepping circuit. The stepping cir- 
cuits of the other two switches, however, are 
closed through the P (in) and P (out) terminals 
and they commence hunting for idle trunks. 


Applique Control Circuits 


When all trunks connected to the bank of the 
OGS group are busy, it does not necessarily fol- 
low that all the secondary switches will be busy. 
This occurs because trunk groups are accessed 
directly as well as by secondary means, and there 
are usually more sources than outlets for traffic. 
Therefore, since trunks are not available for 
selecting by the idle switches, something must be 
done to prevent their continual rotation during 
the ATB condition. 


A trunk group circuit is shown in Figure 21. 
The purpose of this circuit is to monitor by 
means of an ATB lead all trunk circuits con- 
nected to the banks of the associated OGS group, 
and to prevent the rotation of any idle OGS 
switch when all of the trunks become occupied. 
Each idle trunk places a ground on the common 
ATB lead. Within the trunk group circuit a 
pair of SP contacts are connected between the 
D and G terminals of each switch in the group. 
When the last trunk is occupied, ground is re- 
moved from the ATB lead and the SP contacts 
are opened. In addition, the ATB indication 
is forwarded to the group busy and overflow 
circuit. 

So far we have considered only one OGS 
group. It sometimes becomes necessary to divide 
the trunks into subgroups and grade the trunks 
on the banks of two or more OGS groups. Three 
subgroups of toll trunks graded upon the banks 
of two OGS groups are shown in Figure 22. 
A trunk group “applique” circuit must be pro- 
vided for each OGS group, and it must receive 
ATB information from each of the subgroups. 
An ATB lead must be provided for the trunks 
individual to each OGS group in addition to an 
ATB lead for the trunks common to both OGS 
groups. The trunk group circuit integrates this 
information. 
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Preferential Trunk Selection 


In order to use trunk groups most effectively 
it is sometimes desirable to establish an order 
in which the trunks are seized. To do this the 
trunk groups are subdivided into classes or 
grades of trunks as characterized by their trans- 
mission qualities, direction of seizure, etc. Each 
class or grade is then assigned a preference and 
an associated bank busy circuit causes the trunks 
to be used in their proper order. As an example, 
a trunk group could be made up of one-way, 
two-way, and via-grade trunks. Or, it could be 
made up of one-way and two-way direct trunks, 
and overflow trunks, the latter causing calls to 
be routed to their destinations by some alternate 
means. 


It is permissible for terminal-grade traffic to 
overflow into via-grade trunks which are pri- 
marily used for carrying switched _ traffic, 
but switched trafic cannot’ overflow into 
terminal-grade trunks. ‘Thus, a typical prefer- 
ential distribution would permit terminal-type 
trafic to be offered first to one-way trunks, next 
to two-way trunks, and finally to via-grade or 
overflow trunks, as the case may be. 

Each class of trunks is connected to a separate 
segment of the OGS bank A, B, or C. For ease of 
illustration Figure 23 shows the trunks of a 
segment grouped together. Actually the trunks 
of all segments are physically intermixed on the 
OGS banks. ATB information is gathered sep- 
arately from each class of trunks by the bank 
busy circuit. In addition to combining this in- 
formation for use by the OGS trunk group cir- 
cuit, the bank busy circuit uses this information 
to artificially busy segments of the OGS bank. 

The P(in) and P(out) terminals of the 
A segment remain strapped together, but a set 
of MA and MB contacts in the bank busy cir- 
cuit are connected between each pair of P (in) 
and P (out) terminals of the B and C segments, 
respectively. As long as some first-choice trunks 
remain available, the MA and MB contacts will 
ground the SSP bank contacts in the B and C 
segments, preventing the OGS switches from 
selecting trunks connected to these segments. 
(Note that the trunks are not affected and may 
be seized over other accesses if they exist.) 

When all one-way trunks are occupied the 
MA contacts are operated, removing the ar- 
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tificial busy from the B segment of the OGS 
bank and permitting switches to stop on idle 
trunks within this segment. Switches will not 
stop in segment A at this time, since that would 
indicate that there were idle one-way trunks; 
such a situation would cancel out the availability 
of the B segment. When all one-way and two- 
way trunks are occupied the MB contacts are 
operated, allowing the OGS switches to stop on 
idle contacts within the C segment. 


When the last trunk on the entire bank is 
seized, ground will not be present on any of the 
ATB leads from the three classes of trunks. ‘The 
total ATB condition is relayed to the trunk 
group circuit, which prevents the remaining 
idle OGS switches from rotating continuously. 
As trunks become available, bank segments will 
be made available according to their rank of 
choice, and the ATB condition will be removed, 
allowing the OGS switches to hunt once again. 


When the last-choice trunks are of the over- 
flow variety, the employment of the bank busy 
circuit is different from the situation described 
above; this operation is discussed in Applique 
Control Circuits on page 99. 


Secondary ‘‘Master Busy”’ Circuit 


Sometimes it is necessary to have two or more 
OGS groups with access to the same trunk group. 






























Efficient grading will allow every selector switch 
to have access to switches in each OGS group. 
To utilize the trunks most effectively, it is de- 
sirable to make the last choice trunks available 
only after all one-way and two-way trunks in 
every OGS group are occupied. 


To achieve this, the C segments of all OGS 


groups must not be made available until all one- 
way and two-way trunks are occupied. This is 
accomplished by the “secondary master busy’”’ 
circuit. One such circuit is sufficient to serve all 
OGS bank-busy circuits associated with any one 
trunk route; its operation is similar to the ATB 
integration process performed by the bank-busy 
circuit previously discussed. 


AUTOMATIC ALTERNATE ROUTING AND CODE CONVERSION 


By R. T. EVANS 


Staff Engineer, Telephone Switching Systems Development 


Automatic alternate routing as applied to the 
“FW-1” Intertoll Switching System is an exten- 
sion of the principals advanced in the preceding 
section. In addition to OGS switches, routing 
trunks and register-senders are employed to sup- 
ply special routing information and sending fa- 
cilities when necessary to re-route a call. They 
are required for only a small portion of the 
total trafic, and as a result are furnished only 
in quantities which will insure their efficient use. 


To route traffic by alternate means, the follow- 
ing functions must be accomplished: a) Deter- 


mine the destination of each call; b) Provide 
additional digits, if required for completion of 
the call over the alternate route; c) Delete any 
digits which are not required; d) Store digits so 
that additional digits may be transmitted first; 
e) Seize an idle trunk in an alternate trunk 
group; f) Re-transmit all stored digits. 


The Routing Trunk 


The routing trunk was designed with multiple 
points of access, each serving as an overflow for 
a different high-usage trunk group. Each point 














of access determines the destination and thus the 
added routing digits required for calls distribut- 
ed to the routing trunks. The +L, —L, +N, —N, 
and C leads (see Figure 25) are multipled to 
each selector level or OGS bank which has access 
to the routing trunk. The EC leads, however— 


$ 





Figure 24. Routing Trunk 


one for each point of access—are individually con- 
nected from each source of access. Nine relays 
are required for control functions, plus one addi- 
tional relay individual to each point of access 
provided. ‘These individual relays, when oper- 
ated, supply the special routing digits for each 
destination. They are assembled in a “jack-in” 
unit (see Figure 24). 


Routing trunks are designed with and with- 
out facilities for storing one digit. Routing 
trunks which store a digit do not have to return 
a “stop dial” to preceding equipment; the time 
required to store the digit will be used in hunt- 
ing for an idle register-sender. Routing trunks 
which do not store digits always return a stop 
dial, so that digits will not be lost while an idle 
register-sender is found. The latter arrangement 
keeps the routing trunk as simple as possible, 
since all storage functions are accomplished in 
the register-sender. Upon connection of a regis: 
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ter-sender the stop dial is removed, and the 
individual routing relay is operated, marking the 
route. (The register-sender finder switch is sim- 
ilar in operation to the sender finder used in 
conjunction with the position sender control.) 


The functional diagram, Figure 26, shows the 
flow of control and digit information to and 
from the routing trunk, and between the register 
sender and the routing trunk. A strapping block 
contains terminals which permit cross connec- 
tions between springs of the various routing re- 
lays and the bank of the routing trunk sequence 
switch. When a routing relay is operated, ground 
is closed to the associated strapping block ter- 
minals, and then by the straps to the levels of 
the sequence switch. By operation of these relays 
und the prearranged strapping on the block, 
additional digit information required for alter- 
nate routing of a call is supplied to the register- 
sender. This information is supplied in the fol- 
lowing w, x, y, z code: 


Digit Code 
] wx 
2 wy 
3 WZ 
5 XZ 
6 yz 
7 w 
8 x 
. y 
0 z 


Normally, the routing trunk is able to provide 
information for adding as many as three digits 
per route; it may, however, be expanded (with- 
out extra equipment) to provide for as many as 
six additional digits under certain conditions. 
Also, one, two or three digits which are dialed 
into and stored by the register-sender may be 
caused to be deleted. This deletion information 
is contained in coded form on the routing trunk 
strapping block, and is transmitted to the regis- 
ter-sender over the same leads used for the digit 
codes. 


When the register-sender is connected and the 
stop dial removed, digital information is re- 
ceived from the preceding sender over the EC 
and ECA leads, and stored by the register-sender 
upon its digit-storage relays. Simultaneously, a 
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Figure 26. Functional Diagram Showing Flow of Control and Digit Information to and from Routing Trunks 
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tioned so as to read the coded information from 
the routing trunk sequence switch over the w, 
x, y and z leads. This information controls the 
action of the sender, which immediately pulses 
the routing digits forward over the ECB and 
ECF leads. The sequence switches of the register- 
sender and the routing trunk must be in syn- 
chronism so the digits will be transmitted in their 
proper order. ‘These control functions are ac- 
complished over the DS and SK leads between 
the two units. During all out-pulsing by the 
register-sender, the routing trunk maintains a 
termination across the line leads in the front and 
rear directions, in order to preserve repeater 
balance. 


When the new digit information has been 
transmitted, the register-sender sequence switch 
is allowed to continue alone. ‘The digital infor- 
mation which was received from the preceding 
sender and stored is now “read out” and re- 
transmitted. ‘The sequence switch may be al- 
lowed to advance one, two or three steps rapidly 
at this time, without digits being transmitted, so 
deletion may be accomplished by skipping over 
the associated storage relay groups. When re- 
transmission is completed, the register-sender sig- 
nals the routing trunk, which then switches- 
through the transmission path and dismisses the 
register-sender. 

If, during re-transmission of digits, a busy con- 
dition is encountered, the register-sender signals 
the routing trunk that digit transmission has 
been completed. This causes the routing trunk 
to switch-through and release the register-sender. 
Flash busy and tone are returned to the originat- 
ing point through the routing trunk from the 
“no circuit” point. 


If the register-sender is held for more than a 
specified period, a ground is placed on lead OF 
by the register-sender. This causes the routing 
trunk to release the switch train in the forward 
direction, free itself from the register-sender (the 
register-sender does not release but sounds an 
alarm), and return flash and tone busy to the 
originating point. 

The routing trunk, like other trunks of the 
“FW-1L” system, has provision for implementing 
various traffic studies. Peg counts (on a per. 
route basis), holding time, overflow registration, 
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sequence switch in the register-sender is posi- 





and ATB control, are among those provided. In 
addition, rotation of the register-sender finder 
switch is prevented when all senders are busy. 
Two ten-point test jacks are provided, to gain 
access to vital points of the circuit for testing pur. 
poses and to provide for the use of a routing 
trunk test set. 


Provision may be made on the strapping block 
to cause the routing trunk to switch-through im- 
mediately upon transmission of the routing 
digits, when the destination is known to be of 
the ringdown type. 


The Register-Sender 


The basic function of the register-sender is to 
receive, store and re-transmit information. It 
does not have the ability to determine what 
digits will be prefixed or deleted, but merely acts 








































on information supplied from a routing trunk, 
or pulses received from the originating point. 
Thus, it can be placed in a pool of register- 
senders which may be seized by any one of dif- 
ferent types of routing trunks. 


‘Upon seizure, a stop dial is returned over 
the ECA lead until the register-sender is ready 
to receive digits from the calling party. This 
stop dial overlaps one which may be provided 
by the routing trunk, and lasts for only a fraction 
of a second under normal circumstances. When 
it is removed, digital information may be re- 
ceived over the ECA lead. This causes a switch 
to be stepped in the register which will count the 
number of impulses received. The position of 
the wipers on the switch bank causes the digital 
information to be converted into w, x, y, z code. 
This information is applied to a digit-storage 


group of miniature relays through an associated 


storage sequence switch. Once the digit is regis- 
tered, the counting switch returns home, and 
the sequence switch advances one step so the next 
digit may be stored. In all, there are ten digit- 
storage relay groups. An eleventh digit may be 
stored on the counting switch and the informa- 
tion read directly from its bank. 


The register-sender sequence switch connects 
the sender portion of the register-sender to the 
information sources in the proper order, and 
enables certain digit-storage groups to be skipped 
in order to delete digits. 

While it is possible to prefix as many as six 
digits to those received from the preceding sen- 
der, it seldom occurs that more than three are 
required; in some instances only one or two are 
required, and occasionally none need to be add- 
ed. There are times when a combination of both 
prefixing and deletion are required. All this in- 








formation must have been supplied by the rout- 
ing trunks. 


When the register-sender is connected to the 
routing trunk (coincidental with the reception 
and storage of digits from the preceding sender) , 
the register-sender sequence switch is positioned 
to obtain the first digit from the routing trunk. 
If this digit is not to be used, ground appears on 
the SK lead, and both the routing trunk and the 
register-sender sequence switches are advanced 
one step (see Figure 26). If the digit is to be 
used, its code appears on the w, x, y and z leads, 
and the register-sender transmits the digit to the 
succeeding equipment. When the transmission 
of the digit is completed, the register-sender sig- 
nals the routing trunk over the DS lead, and the 
two sequence switches are advanced another step. 
This procedure is repeated until the sequence 
switches advance over the six steps (positions | 
through 6 on each switch) which are allotted for 
prefixing digits. Positions 7 and 8 are devoted 
to digit-deletion information, and directions are 
passed over one of the code leads to the digit- 
deletion relays in the register-sender. 


The routing trunk has now supplied all in- 
formation which is necessary to prefix or delete 
digits, and the routing trunk sequence switch is 
no longer advanced. ‘The register-sender sequence 
switch, however, has the digit storage relay 
groups connected to its bank on the ninth 
through nineteenth positions and the switch is 
now advanced to the ninth, tenth, eleventh, or 
twelfth position, depending upon which digit- 
deletion relays were operated. The sender is 
disabled while the bank positions of the digits 
to be deleted are passed over. 


When the sequence switch is positioned upon 
a digit-storage group which is to be used, the 
sender is activated and the digit information 
“read out.”” When the transmission of each digit 
is completed, the sequence switch is advanced 
another step until all stored digits are trans- 
mitted. At this time, a signal to the routing 
trunk causes the register-sender to be released, 
since it is no longer needed. ‘The sender portion 
of the register-sender is almost identical to that 
used in the positional sender. 


During the transmission of digits, the register- 
sender may recognize a stop dial which would 
be returned by succeeding equipment. Further 
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transmission of digits is then delayed until the 
stop dial is removed. If a flash busy is en- 
countered, the routing trunk is signaled that no 
further digits are to be transmitted, and the 
register-sender is released immediately. Flash 
busy and tone are returned to the originating 
point through the routing trunk. 


If the register-sender is held for a prolonged 
time, a rotary switch, advanced by time pulses, 
closes a relay in the routing trunk, which releases 
the forward switch train and returns flash and 
tone busy to the originating point. The register- 
sender is not released, however, but closes an 
ofhce alarm lead and lights a permanent alarm 
lamp. ‘The register-sender must be _ released 
manually from this condition, by pushing a 
button on its test jack bracket. 


Up to the point where the stored digits are 
re-transmitted, the receiving and sending func- 
tions of the register-sender are independent of 
each other. Once the stored digits are being 
transmitted, however, it is essential that the 
register-sender sequence switch should not be 
allowed to pass to a digit-storage group which 
has not yet received information; if this happens, 
continuous impulses would be transmitted by 
the sender, since there would be no control in- 
formation available in the storage group. 


If the register-sender sequence switch over- 
rides the storage sequence switch, or if the digit 
information cannot be “read out” of a storage 
group, the register-sender will lock up, light a 
trouble lamp, and sound an office alarm. This 
will necessitate manual release, as in the case of 
the permanent alarm. 


Because the register-sender may be called upon 
to process calls from many routing trunk groups, 
it is likely that the total number of digits used 
on successive calls will vary. For this reason, 
the register-sender must be able to detect the 
last digit to be dialed by the calling party. Since 
there will be nothing unique about this digit 
(except that it is to be the last one) the register- 
sender has been arranged to signal the routing 
trunk for release if additional digits are not 
forthcoming within a few seconds after the 
register-sender sequence switch catches up to the 
storage sequence switch. This allows ample 
time for digits to be dialed into the register- 
sender, since the routing digits were transmitted 














before any of the stored digits. An additional 
safeguard has been provided in that at least 
two digits are stored before any stored digits 
are transmitted. Allowance is made in the case 
where digits are deleted, to permit more digits 
to be stored before re-transmission commences. 


In order to simplify maintenance, a “Trouble 
Observation Panel’, consisting of two rows of 
lamps and a manual selector switch, is provided. 
This panel may be common to as many as twenty 
register-senders. One row of twenty-one lamps 
is associated with the register-sender sequence 
switch, and the other row of eleven lamps is 
associated with the storage sequence switch. ‘The 
manual selector switch enables the “Trouble 
Observation Panel” to be associated with any 
one of the twenty register-senders. ‘The purpose 
of the lamps is to permit the positions of the 
two sequence switches to be observed without 
removing the equipment covers. When used in 
conjunction with the register-sender test set, 
they are useful in maintaining the equipment. 


The register-sender is equipped with various 
traffic-measuring and peg-count points which 
permit detailed traffic studies to be made. ‘Iwo 
ten-point test jacks (mounted on the test-jack 
bracket) are provided, for use with the register- 
sender test set and other testing devices (see 
Figure 27). The test-jack bracket also contains 
a switch which isolates the sender pulsing con- 
tacts so that accurate ratio measurements may be 
made. An “‘all-register-senders-busy” circuit is 
provided to supply information to the routing 
trunk circuits. Switches which receive the 
heaviest usage during digit storage and transmis- 
sion are arranged to be plugged in for easy 
maintenance. 


Applique Control Circuits For Use 
With Routing Trunks 


Figure 28 illustrates the use of applique con- 
trol circuits when routing trunks appear as last- 
choice trunks on the banks of OGS switches. 
This may be compared with Figure 23, which 
shows via-type trunks as the last-choice trunks 
on an OGS switch bank. Since an OGS switch 
is associated with the output of each routing 
trunk, it is not sufficient to know only the avail- 
«bility of routing trunks; in addition, the avail- 


ability of the trunks connected to the routing 
trunk OGS bank must also be known. ‘Thus, 
the bank busy circuit must have an ATB lead 
from the routing trunks, as well as an ATB 
lead which indicates availability in the alternate 
trunk group. Inasmuch as the alternate trunk 
group will no doubt serve as an alternate route 
for more than one high-usage group, the alter- 
nate trunk group ATB information must be 
distributed to the bank busy circuits of each 
such high-usage group. This function is per- 
formed by a sub-group busy control circuit. 


The other features of these control circuits are 
similar to those already discussed in the section 
on Outgoing Secondary Switches. 


Trunking Arrangements for Automatic 
Alternate Routing 


To simplify the discussion of the various 
trunking arrangements which facilitate auto- 
matic alternate routing, a fictitious situation 
will be described. Figure 29 shows the details 
of equipment arrangement in a primary switch- 
ing center (PC), located in area 604 of the Na- 
tionwide Toll Dialing Network. We will assume 
that all outgoing trafic originates either from lo- 
cal offices served directly by this switching center, 
or from tributaries or other toll centers which 
have access to the PC intertoll switch train. 
Figure 30 shows the general trunking plan; 
arrows indicate the direction of the flow of 
trafic from area 604. 


High-usage trunks (HU) are provided to 
five toll switching points located in areas other 
than 604. HU trunks are provided to two 
local offices in an adjacent area (206), because 
of a high community of interest. In addition 
to terminal traffic (trafic which is to terminate 
in the area served by a switching point) which 
is offered to all switching points, switched 
trafhc (trafic which is to be tandem-switched to 
still another area) may be offered to three of 
the toll switching points—213, 916, and 206. 
Switching center 206 has been designated as the 
“home” switching center for 604. 


It happens that the 206 switching center is 
located in a large metropolitan area. Because 
of the large amount of terminating and switched 
trafic concentrated at this point it has been 
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Figure 29. Skeleton Trunking Arrangement in a Primary ‘Switching Center 


found to be of advantage to provide two toll 

switching offices. One is designated a Control destine ed for 
Switching Point (CSP). and is able to switch moti he mau : ee ose “areas B acctly 
traffic to foreign areas as. well. as its own area. over HU trunks if ‘they. are provided. ‘If HU 
The other is of the tandem type and is used trunks are not provided, or if the HU trunks 
to route calls to central offices within its own are all busy, the traffic will be offered to another 
area. HU trunks are provided to the tandem _ switching center over HU or final type trunks, 
office, and HU and final type trunks are pro- and thence to the destination “i : eee means 
vided to the CSP. . 
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ing devices which are inherent in that type of 
equipment can provide the routing digits which 
are required. We are thus able to assign differ- 
ent destination codes for terminal and switched 
trafic, even though initially the traffic will be 
routed to the same switching point. This scheme 
results in a saving of special routing equipment, 
and is discussed in more detail in the follow- 
ing paragraphs. 

If a call is to terminate in area 415, the op- 
erator is instructed by her reference sheets to 
prefix the destination code “018” to the 2L-5N 
station number. The traffic is carried off an in- 
tertoll second selector level and is distributed 
to the outgoing trunks through an OGS switch. 
Assuming that at least one HU trunk is avail- 
able, the B segment of the OGS bank is made 
busy by an associated bank-busy circuit, and 
the secondary switches will only select available 
HU trunks. When the HU trunks become 
occupied the bank-busy circuit allows the calls 
destined for area 415 to be distributed to a 
routing trunk. The access over which the rout- 
ing trunk is seized determines the destination 
of the call and the routing trunk is thus able 
to instruct the register-sender to prefix the 
2L-5N number with the terminal area code— 
“415”. The trafic is then distributed through 
OGS switches to the area 916 CSP over HU 
trunks if they are available or over final one- 
way or two-way trunks to the area 206 CSP as 
the case may be. The latter two CSPs are capable 
of acting on the area code plus 2L-5N number 
which they receive. 


Trafic to area 503 is handled in much the 
same manner as that just described except that 
only one alternate route is specified—through 
area 206. 


For calls that are to terminate within area 
206, the special destination code is “011”. This 
trafic is distributed from an intertoll second 
selector level through OGS switches to one-way 
and two-way HU trunks to the area 206 
tandem office. It is only necessary to send the 
2L-5N number into the tandem office. In the 
event that all the tandem office trunks are busy, 
the traffic is allowed to overflow into the final 
trunks to the area 206 CSP. Only the 2L-5N 
number needs to be sent into the CSP, since the 
equipment at the CSP is able to detect the ab- 
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sence of an area code, and can terminate the 
call within its own area. (Note that the OGS 
bank appears to be divided into four segments. 
This is just a simplified way of showing two 
subgroups of OGS switches with a direct multi- 
ple of the A and B segments, and the C seg- 
ments connected separately either to the one- 
way or the two-way final trunks.) 


Foreign-area trafic that is to be tandem- 
switched through the area 206 CSP is dis- 
tributed to the HU and final trunks through 
OGS switches from intertoll second selector 
levels, by dialing the destination code “010”. 
The terminal area code and the 2L-5N number 
must be dialed into the CSP. If the HU 
trunks are busy the traffic may overflow directly 
into the final trunks, since only the destination 
code “010” has been used thus far and the area 
code and terminal number remain to be trans- 
mitted. ‘Thus, no special routing equipment is 
required. 


Terminal and switched traffic to areas 213 and 


415 



































916 is similarly routed. (Note that is is not 
always necessary to provide OGS_ switches; 
trunks may be graded directly into selector 
levels as traffic conditions permit. Again, sepa- 
rate destination codes may be provided for 
terminal and switched traffic.) 


It should be pointed out that only terminal 
trafic that is normally completed over HU 
trunks requires the services of a routing trunk 
and register-sender in the event that it is al- 
ternate-routed. All other traffic may be alternate- 
routed by direct overflow into other trunk 
groups, and does not require special routing 
equipment. 


Trafic to offices 206a and 206b is handled 
by prefixing the destination codes “044” or 
“041”, respectively, to the 2L-5N number. This 
trafic may be alternate-routed without routing 
equipment, through the area 206 CSP, in a man- 
ner similar to that of other area 206 terminal 
trafic which is normally handled through the 
tandem office. 
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Figure 30. Toll Routing Plan of Primary Switching Center 
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Code Conversion 


Code conversion may be considered as the 
modification of listed dialing codes into new 
codes which are more suitable for use in the 
actual routing of a call. This may consist of 
digit addition, deletion, or a combination of 
both. It has taken on added importance with 
the inception of the unified toll numbering 
plan, because the total number of area and 
office codes which may exist is limited. Code 
conversion can facilitate the efficient use of 
these codes—and in many instances also effect 
conservation of switching and trunk equipment. 


Figure 31 shows three toll centers, A, B 
and C. Toll point C cannot be reached directly 
from A, but since there may be a moderate 
amount of traffic to C from A and other nearby 
offices which may dial through A, operators 
can be provided with special routing informa- 
tion that will permit calls to tandem through 
B. While the bona fide office code for C might 


be EU 6- or EU 8-, nearby operators would be 
instructed to prefix the 2L-5N number with 
“OQ”. ‘This expedient would take care of most 
of the traffic to C. 


It would not be practical, however, to give 
widespread distribution to these special codes, 
since the volume of trafic to C from distant 
points is very small. Thus, when the proper 
code for one of the units at toll point C is dialed 
in office A, the call is directed to a routing 
trunk, similar to the one used for automatic 
alternate routing, after the second digit. ‘The 
routing trunk causes the remaning dialed digits 
to be prefixed with the digits “38” and by means 
of an auxiliary selector routes the call to office B. 


Since they are “multiple access” devices, the 
same routing trunks and auxiliary selectors may 
be used to handle traffic to other offices. Routing 
trunks for this type of operation may have as 
many as ten access points although for most 
purposes five will suffice. 
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Figure 31. Skeleton Trunking of Toll Routing Plan 
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The “FW-1” Automatic ‘Toll Board employs 
a number of new techniques for answering (and 
extending) incoming calls from local subscribers, 
inward calls from distant operators, and other 
types of incoming traffic. 

Most automatic toll boards have _ utilized 
finder-type switches of 90 or 190-trunk capacity, 
with each finder permanently associated with a 
“link” circuit. Each operator position had sev- 
eral link circuits which were used, under op- 
erator control, as connecting links between the 
calling and called party—the same as cord cir- 
cuits on a cord board. The incoming trunks 
appeared on the banks of each finder switch, 
and calls were usually served one at a time, with 
an allotter or distribution switch used for link 
selection. All operator positions were rotated to 
determine which operator position would handle 
the next incoming call. In some toll board 
designs, the link selection of the chosen position 
was under operator control; in others the links 
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of the chosen position were selected automatical- 
ly. In one design, a “sequence answering” system 
is utilized, whereby the calls are answered se- 
quentially, in order to provide as nearly as pos- 
sible a uniform answering time. 


Typical Trunking Arrangement 


A typical trunking arrangement for incoming 
call distribution is shown in Figure 32. A rotary 
switch is associated with each incoming trunk 
circuit. When the trunk circuit has been seized 
for connection to a toll operator, the associated 
rotary switch searches forward, looking for a 
free link of an idle operator. 

This is only one of many possible plans; it 
is arranged for toll operating units each with 
a maximum of 48 toll operator positions. The 
unit size was limited for convenience and to 
facilitate administration, since it was determined 
that very little improved efficiency could be ob- 











tained by using operating groups larger than 48 
positions. For larger installations, additional 
operating units may be added as required, but 
for purposes of distribution of incoming calls, 
overflow facilities are not provided. ‘Thus, each 
unit must handle its own incoming trafhc with- 
out aid from other operating units. 


Call Distribution Plan 


In the trunking plan shown, incoming trunks 
are broadly divided into three classifications— 
CLR (combined line recording) trunks (from 
regular local subscribers) , operator trunks, and 
ringdown trunks (from distant ringdown 
points). Each trunk circuit has an associated 
rotary switch arranged as part of a grouping 
and subgrouping plan. Rotary switches are 
arranged in six groups, each consisting of seven 
subgroups; for equitable distribution, each class 
of trunks from the different offices is evenly 
distributed among all the subgroups. Further- 
more, each class of trunks is arranged so that 
both the first and last-choice trunks are evenly 
distributed and appear in all subgroups of each 
group. Incoming call distribution accommodates 
294 trunks per 48-position operating unit—with 
a Maximum of seven trunks per subgroup. 


Line switches, associated directly with the 
trunk circuits, are termed “primary switches”, 
and are shown with a maximum bank capacity 
of 50 outlets. Approximately one-third of the 
bank capacity has direct connections to operator 
links. Considering subgroup 1 of group Il, 
the first 16 direct choices consist of links | of 
the first 16 positions; thus, any trunk in the 
group has direct access to 16 operators, at least 
through one link. 


Each position is equipped to handle all types 
of incoming calls—CLR (both regular and pay- 
station), operator, and ringdown trunks—with 
trunk identification or class of service indicated 
to the operator upon answering the call. For 
simplicity, and to facilitate distribution, the cor- 
responding subgroups of two adjacent groups 
are paired together so that each has the same 
direct outlets. While all of the subgroups in a 
particular group have the same 16 positions as 
their direct choices, each subgroup will be con- 
nected to a different link circuit; subgroup | 
to link 1, subgroup 2 to link 2, etc. 





There are 16 switch positions of the 50-point 
primary rotary switches utilized for direct ac- 
cess paths; the remaining primary switch outlets 
are connected to secondary switch groups, as 
illustrated in Figure 32. Incoming secondary 
switches are subdivided into seven secondary 
switch groups (with facilities for an eighth 
group), each with a maximum of 24 switches. 
Outlets of each secondary switch group are con- 
nected to the 48 positions as follows: secondary 
group 1 outlets connect to links 1| of all 48 
positions, secondary group 2 to links 2, etc. 
Thus, with seven secondary switch groups there 
are 336 links as a combined total of outlets— 
each link of every position in the operating unit. 


Returning to the primary switches within a 
primary group, the outlets to secondary switches 
are all multipled. If a trunk circuit is seized 
with its lineswitch in subgroup 1 of group 1, 
its bank outlets are: First, links 1 of positions 
1 to 16 through a direct path. Second, a sec- 
ondary switch in secondary switch group | 
may be accessed with its outlets connected to 
links 1 of positions 1 to 48. Third, a_ sec- 
ondary switch in group 2 may access any avail- 
able link 2 of positions 1 to 48. It now 
becomes obvious that each link of every position 
may be reached by an incoming call, either 
through a direct access from a primary switch, 
or through a secondary switch. This gives full 
availability from any one of a maximum of 294 
incoming trunks, to any one of 336 links on all 
48 operator positions, within the unit. With this 
system, an incoming call can access any free link 
of an idle operator, with the resultant full 
availability giving maximum system efficiency. 


The secondary switches of the incoming call 
distribution are all pre-selecting; they auto- 
matically position themselves on free links of 
idle operators if secondary switching is required. 


The primary and secondary switches employed 
in the distribution are all the ‘“non-homing”’ 
type; their random wiper-positioning leads to an 
equitable load distribution among the operators. 
As a further aid in distributing the load, the 
direct-access switch bank multiple is reversed 
between subgroups of different primary groups. 
The secondary selecting segment of the primary 
bank multiple is also reversed within each pri- 
mary group, and the bank multiple is reversed 
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within each group of incoming secondaries. ‘The 
net effect of these reversals is to further scatter 
the incoming trafic load among the operators 
by permitting some switches to hunt sequentially 
over links, say, 1 to 50, and others to hunt in 
reverse order over links 50 to 1. 


Delay Stations 

In addition to the facilities for incoming call 
distribution of CLR trunks, operator trunks and 
ringdown trunks, a special arrangement has been 
provided for the distribution of trafic from 
special operator trunks to “special delay sta- 
tions.” ‘Iwo groups of special operator trunks, 
each having access to a “special delay station” 
consisting of three positions each, are shown in 
Figure 32. Since each special delay position is 
equipped with seven links, the rotary switch 
associated with each special operator trunk will 
be able to select any free link of an idle operator 
within a special delay station. The links of each 
position of the two delay stations are also ac- 
cessed from the CLR primary and _ secondary 
distribution. 


Segregated Service 


If desired, segregated service may be provided 


on dual-function positions such as combination 
inward and CLR positions. With this type of 
arrangement, CLR positions are available to 
handle CLR traffic; inward traffic is handled by 
the combination inward and CLR _ positions. 
Some of the links on a combination inward and 
CLR position may be accessed directly from 
inward trunk groups; some are connected to 
inward secondary groups; and some are connect- 
ed to CLR secondary groups. During periods 
of congestion, CLR trafic can overflow to the 
dual-function positions through secondary CLR 
switches. Inward traffic will normally be handled 
on the combination inward and CLR position 
in preference to CLR traffic, but, with no in- 
ward calls awaiting service, the CLR traffic will 
be handled on an overflow basis. Inward traffic, 
however, cannot overflow to CLR _ positions; 
therefore, the more versatile combination posi- 
tions are usually provided in liberal quantities. 


Preferential Distribution 
The objectives of the incoming primary and 
secondary call distribution are: 1) If possible, 
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to establish calls through primary switches direct 
to links; 2) If all direct paths are busy, to es- 
tablish calls through primary switches and sec- 
ondary switches to links; 3) If both direct and 
secondary paths are busy, to place incoming 
calls within a “gating”’ circuit and thereby handle 
them on a “first come, first served” basis. Also, 
if two incoming calls are brought into the sys- 
tem at the same time and one has a direct path 
available to it, while the other has a path avail- 
able through secondary switches only, the former 
should be given preference. In this manner 
secondary switches will be conserved. 


Primary Switch Preference Over 
Secondary Switch 


The elements of the incoming primary and 
secondary call distribution, and pertinent por- 
tions of a typical trunk circuit, are illustrated 
in Figure 33. Associated with each primary sub- 
group of switches is a primary subgroup control 
circuit. In each such circuit, an ATF relay is 
connected to give an indication of whether or 
not direct paths are available to trunk circuits 
within the primary subgroup. A group control 
circuit is associated with each rotary switch 
group (consisting of seven subgroups). In ad- 
dition, a master gate control circiut is used for 
the entire unit distribution. 


When the trunk circuit is seized on an in- 
coming call, “start” relay ST will have its cir- 
cuit closed to terminal NST. If a direct path 
is available to the trunk circuit, relay ST will 
operate through contacts of the ATF relay, in 
its associated primary subgroup control circuit, 
and through contacts of the group control cir- 
cuit to ground. When ST operates, a circuit is 
closed to relay-interrupted, battery-searching 
rotary switch associated with the trunk circuit. 


When the trunk circuit finds a free link of an 
idle operator, the ST relay restores, and the 
trunk will be held operated from the link circuit. 


An ATP relay per group control circuit 1s as- 
sociated with all of the secondary switches in 
the various secondary groups that may be ac- 
cessed by a primary switch. If a secondary 
switch is available to switches in a primary 
group, relay ATP of the group control circuit 
will be restored. If only one trunk circuit has 
been seized and is awaiting answer from an 
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operator, and if all of the direct paths normally 
available to it are busy, relay ATF of the as- 
sociated primary subgroup control circuit will 
have released. Under these conditions, relay 
GDE of the associated group control circuit will 
operate, and a secondary path will be closed for 
the operation of relay ST. 

In the “all direct paths busy’ condition, if a 
secondary path is available, since relay ATP 
of the group control circuit will be restored, an 
operating circuit is closed to all primary sub- 
group control circuit ATN relays whose sub- 
groups do not have direct paths available. ‘The 
ATN relay is a multi-contact bar relay which 
completes paths from the trunk circuit C leads 


at the rotary switch bank to the secondary , 


switches. During this condition, the primary 
switch can find an idle operator link through a 
secondary switch. 

If within a given primary group, two incom- 
ing calls are originated, each within a different 
subgroup, and if, further, the first has a direct 
path available while the second has only a 
possible path through a secondary switch, the 
former will be processed in preference to the 
latter. ‘This operation can be seen by referring 
to Figure 33. While the ATF relay of the first 
primary subgroup control circuit is operated, 
indicating a direct path available, the ATF re- 
lay of the second primary subgroup control 
circuit will be restored. However, since both 
primary subgroup control circuits are part of the 
same group, relay GDE will remain non-operated 
due to a ground placed on the GDE terminal 
by the trunk circuit within the first primary 
subgroup. It can be seen that the ST re- 
lay of only the first trunk circuit will have its 
circuit closed, while that of the second trunk 
circuit will not operate. 

When the first trunk circuit has been an- 
swered, shunting ground is removed from the 
GDE terminal of the group control circuit, and 
relay GDE operates. A start circuit will be closed 
to the second trunk circuit, through contacts 
of the GDE relay, and this circuit will now 
search for an idle link. 


Answering in Gate Sequence 


During periods of congestion, incoming calls 
may originate at times when neither direct 
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of this G relay will initiate action within the 
corresponding group control circuit to open the 
operating circuit for other trunk-circuit gate 
relays, thus closing the gate. The closure time of 
the gate is approximately 300 milliseconds; any 
calls that arrive before the gate closes will be 
locked within; any additional incoming calls 


(with trunk circuits seized and awaiting an idle 
operator) will remain outside the gate with nei- 
ther the trunk gate nor the start relay operated. 

When a path is available, those switches with- 
in the gate will be handled before those outside 
the gate. This means the calls will be handled 
on a “first come, first served” basis (while they 


Figure 33. Elements of Incoming Primary and Secondary Call Distribution 
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may not be answered in the exact sequence of 
their arrival, the group within the gate will be 
handled before the group outside). This type 
of gate-sequence answering affords an efficient 
queueing system with equitable answering de- 
lays.* When calls within the gate of the group 
control circuit have been handled, the gate will 
be opened. Calls accumulated outside will be 
brought into the gate, as a group, and the gate 
will again be closed. 


Preference Within The Gate 

The preference given calls having direct paths 
over those with only secondary paths available 
should exist whether calls are handled on a “‘no 
delay” basis (without entering the gate) or are 
brought within the gate. Incoming call distri- 
bution is then utilized at its greatest efficiency, 
by conserving secondary switches and using them 
only when calls cannot find idle operators 
through direct primary switch outlets. 


The preference arrangement between calls 
within the gate is handled in a similar fashion 
to those outside of the gate. As an example, if 
two calls are within the gate and an operator 
becomes available, with a direct path for the first 
call and only a secondary path for the second, 
the first trunk circuit will place a ground on the 
GD] terminal, keeping the GD] relay from op- 
erating. The start relay of the first trunk cir- 
cuit will operate through closed ATF contacts 
of its primary subgroup control circuit. When 
this call has been answered (the trunk circuit 
ST and G relays restored), GDJ of the group 
control circuit will operate, closing the circuit 
to the start relay of the second trunk. 


It may be noted (Figure 33) that the gate 
circuits of all of the group controls are inter- 
locked. If one call in any group is brought 
within the group control gate, the GDM relays 
will operate in all group control circuits, closing 
all of the gates. ‘This means that all gates must 
be opened before an additional call can_ be 
brought into any gate. 


Gate Time Out 


As mentioned before, one master gate control 
circuit is provided for the distribution of calls 





*“The Appraisal of Delays in Gate-Type Operation,” by 
Dr. Imre Molnar, Automatic Electrical Technical 
Journal, December, 1955. 
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within an entire unit. When no direct path is 
available within any subgroup in the unit, re. 
lay CUF of the master gate control circuit will 
release. Also, if congestion is great and all sec. 
ondary paths are busy, the next incoming call 
will be brought directly into the gate. If any 
gate is closed (that is, there are calls within the 
gate) relay CDS of the master gate control cir. 
cuit will operate. 


When a link becomes available, an ATF re. 
lay will operate in one of the subgroup contro] 
circuits, operating relay CUF. The circuit will 
be opened to relay CUT, which will begin to 
release (this relay has a release time of approxi 
mately 8 seconds). Within the time allotted 
all of the calls within the gate should be handled. 
as long as links are still available. If all gates 
are emptied, relay CDS will restore, keeping 
CUT operated. If all links become busy with 
calls still in the gate, relay CUF will restore. 
also keeping relay CUT operated. 


During trouble conditions (e.g., trunk circuit 
may have an open C lead) it may happen that 
a call is in a gate and a path is available, but the 
call cannot find the idle link. Under this con. 
dition, with relays CUF and CDS operated, the 
circuit is opened to relay CUT. If the condition 
persists for approximately 8 seconds, relay CU] 
will restore, closing the circuit to relay CU. 
Operation of relay CU closes operating circuits 
to the trunk gate relays of all trunks waiting 
outside this gate. This means that during the 
trouble condition any calls outside the gate will 
be brought within the gate. In addition, a “gate 
time out” lamp will light at the master gate con- 
trol circuit as a trouble alarm. Thus, if paths are 
available, a defective trunk circuit within a gate 
cannot permanently penalize other calls waiting 
outside the gate. 


Further, operation of CU closes the circuit 
to CUT. When restored, relay CUT has an 
operate time of approximately 3 seconds, dur- 
ing which time calls outside of all the closed 
gates will be brought within the gates. Re- 
operation of CUT once more restores relay CU, 
closing the gates. If the trouble condition per- 
sists, the gate ‘‘time out” action will be repeated. 


Miscellaneous Considerations 


As long as direct paths are available in all 
primary subgroups (Figure 33), relay UNA ol 








the master gate control circuit will be released. 
If direct circuits are not available in any sub- 
group, operation of UNA will close the stepping 
circuits to those secondary rotary switches which 
have secondary paths available. All such sec- 
ondary switches will pre-select an idle operator 
link. ‘This operation may be termed “gang 
start’’ of secondary switches. 


The secondary rotary switches may be started 
selectively by adding an auxiliary control for 
each group control circuit. With this arrange- 
ment only those secondary switches in one sec- 
ondary group that may be accessed from a pri- 
mary group are permitted to search for an idle 
link. If these secondary switches are all busy, 
or have no paths available, switches from an- 
other secondary group will be permitted to 
search for idle operator links. 


On operator trunks or others requiring a 
preference in answering, a slight modification is 
made in the connections between such trunk 
circuits and the primary subgroup control cir- 
cuit (Figure 33). The connections of the GSE, 
GLK and NST leads between the trunk and 
control circuits are omitted, and the GSE and 
GLK leads are grounded at the trunk circuit. 
Whenever the operator trunk is seized and 
awaiting answer, its gate (G) relay will operate, 
closing the gating circuits to other incoming 
calls; the operator trunk will now be answered 
before those calls that were left outside of the 
closed gate. 


During periods of congestion, if the operator 
trunk is seized (and awaiting operator answer) 
with the gate circuits already closed, the operator 
trunk, instead of waiting outside of the gate with 
other calls, will enter the gate. This trunk will 
then be handled in the same group as other calls 
within the gate that may have been waiting 
some time for entrance into the gate. 


Emergency-start facilities are included as an 
integral part of the incoming call distribution. 
Controlled from the control console, these facili- 
ties enable all calls outside the gate, in addition 
to those within the gate, to search for an idle link 
even if the group control circuit indicates that 
there is no idle link available. Thus, operation 
of the emergency-start key permits calls to be 
handled on an emergency no-preference basis. 


Special Distribution for Operator Calls 


Since the special “delay” trunks carry traffic 
that is of a more important nature than the 
regular incoming traffic, a preference is given 
to the “delay” traffic. Special distribution is 
provided (Figure 34) whose function is that of 
distributing traffic from special operator trunks 
to “special delay” positions. ‘The special op- 
erator trunks are shown in two groups, each 
group having access to a “delay station” con- 
sisting of three ‘“‘delay’’ positions. Also, each 
“special delay” position may be accessed from 
regular incoming traffic, CLR, ringdown, etc. 


The basic elements of the special distribution 
circuit are shown in Figure 34. Here, if a link 
is available in one of the delay positions of a sta- 
tion, an operating path will be closed to the 
group control circuit (GDH) relay, which in 
turn grounds the LTU lead to the associated 
positions. With relay LTX in the position op- 
erated, the position circuit cannot be accessed 
from a special operator trunk—only from CLR 
traffic. 


When an operator trunk is seized a circuit is 
closed from its gate (G) relay to the special 
group control circuit. If no calls are being proc- 
essed at the time, relay G will operate in the 
trunk circuit, along with GDK in the control 
circuit. This opens the operating circuit to the 
positional LTX relay, which in turn busies the 
CLR traffic path and completes the special delay 
(or IX) access path. A path is then available to 
the trunk circuit start (ST) relay, enabling the 
rotary switch to hunt for an idle delay position 
link. 


It should be noted that if regular CLR traffic 
is awaiting service, with calls waiting inside and 
outside of the regular gate associated with the 
incoming primary and secondary call distribu- 
tion (Figure 32), an incoming call from a 
special delay trunk will have preference over 
regular traffic. This is not accomplished by 
giving the special operator trunk an operating 
circuit and permitting its rotary switch to hunt 
for an idle link, while at the same time prevent- 
ing the rotary switches associated with regular 
trunks from hunting; rather, preference is given 
by providing an access path for special delay 
trafic to the special delay position and busying 
the path to CLR traffic. Thus, while both CLR 
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those calls arriving subsequently must remain 
outside of the gate. It will remain closed until 
all calls within are processed, after which time 
it will once more open to admit those calls 
waiting outside; these calls will now be served 
before any calls that may arrive later. During 
the period when calls are in the special group 
control gate, the special delay positions will all 
have their accesses busied to CLR traffic. This 
only occurs on a group basis, of course, with 
those positions conditioned for preference that 
can serve that particular group of special op- 
erator trunks. With calls in the gate awaiting 
service, if no links are available, the start cir- 
cuit will be opened to the rotary switches, there- 
by preventing needless hunting. 


Miscellaneous Considerations 


Each special delay position is equipped with 
two cutoff keys—CLR cut-off and TX cut-ofl 
(special operator delay trunk cut-off). ‘These 
keys are used for busying an operator’s position 
to one type of traffic so that she may answer 
the other type of traffic exclusively. At the op- 
erator’s discretion, the position may be set for 
special delay traffic cut-off, for example, by op- 
eration of the TX cut-off key. Only CLR calls 
could then be brought into the position as it 
will appear busy to other trafic (special delay 
trafic). Each time calls are brought into the 
special group control circuit gate, IX answer 
pilot lamps will glow at the corresponding 
special delay positions. If a lamp glows con- 
tinuously (indicating group congestion) the op- 
erator may momentarily restore her position 
from TX cut-off to help alleviate the condition. 


Conversely, by operation of the CLR cut-off 
key, the position will accept only special delay 
trafic and appear busy to CLR traffic. If both 
cut-off keys are inadvertently operated, the 
special delay position will still accept CLR 
traffic. 


In addition, the supervisor at the control con- 
sole is also aware of any congestion in the special 
distribution and may under certain conditions 
operate emergency start keys to speed the flow 
of trafic. This action overrides the gate func- 
tion of the special distribution and brings all 
calls into the gate for service, regardless of their 
time of arrival. 
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In designing the “FW-1” Intertoll Switching 
System the primary objective was handling of 
switched intertoll calls with four-wire switching 
of transmission paths throughout. In addition, 
a high speed automatic “‘cordless’’ toll board was 
developed which could handle incoming inter- 
toll trafic, incoming calls and delayed traffic. 


To obtain a better understanding of the facili- 
ties in the automatic cordless toll board, first, let 
us briefly review the operation of a “cord” toll 
board. It has the conventional “‘plug-ended” 
cord circuits, each with a rear (answering) cord, 
and a front (call) cord. When answering in- 
coming calls, the operator must plug the cord 
into the jacks of the incoming trunk. To extend 
the call, an associated front cord must be plugged 
into a jack of an outgoing trunk. In this opera- 
tion the operator can see where the front and 
rear of each cord circuit is inserted. 

The automatic cordless toll board utilizes 
keys and lamps to set up and indicate con- 
nections. “Link” circuits are used, with each call 
being handled with one link. 

Incoming calls are received via the rear of the 
idle link; an associated selector is permanently 
connected to the front of the link. ‘Trunk selec- 
tion is made over the front of the link by setting 
up a switch train. 

Dialing or “setting up” functions are speeded 
up by the provision of keysets. “Senders” are 
used to accept keyed-in information and con- 
vert it to dial pulses. These pulses are trans- 
mitted in the order received, to set up the switch 
train to the desired trunk. The senders are 
automatically connected to a link whenever the 
link is seized. 


Figure 41 shows the connections between the 
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automatic toll board positional equipment and 
associated equipment. As outlined in the sec- 
tion on Incoming Call Distribution, trunk cir- 
cuits each have an associated rotary switch (link 
finder) which searches for operator links (trunk 
circuits always gain access to an operator at the 
rear of the link). ‘There are two sender control 
circuits (used alternately) associated with each 
operator position which, through their sender 
finders, select senders from a common pool. 
Sender control circuits are held operated, along 
with the sender, while the digital information is 
sent out to set up the switch train. As can be 
seen in Figure 41, a selector is permanently con- 
nected to the front of each link, and is used to 
select trunks in response to digits dialed by the 
operator. 


Each link may be accessed from the dial rear 
finder circuit used by the operator for setting 
up a delayed call, or other types of operator 
originated call. Link selector and dial rear 
selector outlets are common and used for access 
to the intertoll dialing network, in addition to 
the toll switch train. 


Physical Description of Switchboard 
Equipment 


Figure 35 shows the link switchboard equip- 
ment positioned in the center of the toll board 
keyshelf. Each link consists of a talk-monitor 
lever key, a link release push key, front and rear 
supervisory lamps, and a link busy lamp, all 
mounted on one escutcheon. The toll board 
keyshelf shown has seven links equipped; the 
position is wired for eight links. ‘The automatic 
toll board is capable of providing up to 16 links 
per position. 
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The operator has other positional equipment 
(keys and lamps) to perform such functions as 
ringing front or rear, coin collect or return, front 
or rear, etc. Any busy link may be connected to 
the operator position under operator control; 
the positional equipment then performs its op- 
eration on the attached or associated link. A 
ticket compartment, used for storing a _ ticket 
while the call is in progress, is “built-in” be- 
tween each set of two link escutcheons. 


A pneumatic ticket tube system is an integral 
part of the automatic toll board. When a call 
is completed, the operator sends the ticket 
through the pneumatic ticket tube (provided 
for each two operator positions) to the central- 
ized sorting table for processing. ‘The ticket 
contains all information pertinent to the call. 
If the call has not been completed and requires 
a subsequent attempt (delayed call), the ticket 
is sent via the pneumatic ticket tubes from the 
processing table to a special delay operator for 
completion of the call. ‘The special delay op- 
erator positions are also equipped with receiv- 
ing valves to receive the delay tickets from the 
sorting table. 


A pilot lamp associated with each position in- 
dicates conditions for supervisory purposes. ‘This 
position pilot lamp will light when an operator 
is ready to accept incoming calls; if the operator 
is connected to an active link, or if all links are 
busy, the lamp will be out. Should the position 
be set for automatic answer cut-out, or if the 
operator is monitoring a call (using the link 
monitor key), the lamp will flash at 60 i.p.m. 
This gives the supervisor a check on operator 
activities. 


The vertical panel of the operator position 


Figure 35. Automatic Toll Board Section Key Shelf 
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contains the following set of lamps for each toll] 
circuit group: group check, group busy and 
posted delay. The group busy lamp lights when 
the toll circuit group has no idle circuits avail- 
able, indicating that all trunks of the toll group 
are busy and none can be accessed over the 
switch train. This type of indication is needed 
since the operator cannot look at the individual 
toll circuit busy lamps (as on a full multiple 
cord board) and select an idle outlet if one 
exists. Jhe posted delay lamp gives a visual 
indication that a toll group is placed on posted 
delay and congestion exists within that group. 


In addition, other lamps are provided for each 
two operator positions. Position and sender test 
lamps are used in conjunction with a special 
position and sender test switch. When a special 
code is dialed (by the operator) this switch is 
seized and used to test certain operator keys. 
For example, keying in digits 1 to 5 causes 
the test lamps to flash sequentially | to 5. 
Other lamps include line checking lamps (tens 
and units), group checking lamps, sender busy 
lamp and an answer pilot lamp. ‘The answer 
pilot lamp will light if too many calls are await- 
ing service taking into consideration the number 
of operator positions staffed. (This feature is 
described fully in the section on Control Con- 
sole). A large supervisor call lamp is placed be- 
tween each two operator positions; the call lamp 
lights under operator control, to summon the 
supervisor for assistance. 


Trunk Checking 

On a cord type toll board with a full multiple 
appearance of trunk circuits, the operator can 
see at a glance which trunk group has been 
plugged into and also the number of the trunk 
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within this group. With the automatic toll 
board, trunk groups are accessed by switch 
trains which give no direct visual information 
as to which group was accessed, or the number 
of trunk within the group. To secure this in- 
formation, the toll operator operates the check 
front or check rear key (whichever is applica- 
ble), and will get a visual indication on the 
panel equipment giving “trunk group” and 
“number of trunk” in the group connected to 
the front or rear of the link. The basic elements 
of the trunk checking arrangement as used in the 
Type “FW-1” Intertoll Switching System are 
shown in Figure 36. 


The trunk checking circuit is arranged for 
checking facilities up to 600 positions in 25 
groups of 24 positions maximum. Operation 
of any position checking key initiates action 
within the trunk checking circuit causing a ro- 
tary type finder to first hunt for the group of 
positions, and then the specific position within 
the group. Checking potentials are extended 
through the position circuit to the trunk circuit 
where a differential checking relay is operated. 
The trunk check relay is strapped to the proper 
line checking and group checking relays which 
light the corresponding group check lamp and 
line (tens and units) lamps for an entire group 
of 24 positions maximum. When the checking 
position is found, the trunk checking circuit will 
light a pilot lamp in the toll position. 


If two operators are checking simultaneously, 
since only one trunk checking circuit is 
available, the trunks must be checked one at a 
time. ‘he operator should wait for a pilot lamp 
to light before observing the trunk group and 
line checking lamps. When the pilot lamp lights, 
the checking lamps will correspond to the trunk 
that the operator is checking; if the pilot lamp 
does not light, the checking lamps, when light- 
ed, will be intended as information to another 
operator checking at this time. 


Since the trunk check relay is located in the 
line conductors of the trunk circuit, and is op- 
erated from low resistance battery and ground 
sent forward from the trunk checking circuit, 
voltage transients are set up on the line which 
might be objectionable to the subscriber or 
operator. To minimize these transients, a click 
absorption feature has been added to the com- 
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mon trunk checking circuit whereby the bat- 
tery and ground potentials required to operate 
the trunk check relay are applied in two voltage 
steps. In addition, a special condenser arrange- 
ment in conjunction with a large choke has been 
added to aid the absorption of these clicks by 
virtue of its filtering action. 
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Figure 37. Position Relay Equipment 


Pilot Lamp 


The position pilot lamp has another function 
in addition to being used as a ‘“‘check-pilot”. 
When a coin collect or return (front or rear) 
key is operated, and a coin has been deposited 
in the paystation, the pilot lamp (here a “coin 
pilot’) lights as a visual indication to the op- 
erator. Upon restoration of the coin key the 
pilot lamp will go out. 


If the operator wishes to verify that a coin has 
been deposited, reoperation of the coin key will 
give a pilot indication. If coin has been collected 
or refunded, the pilot lamp will not light when 
the key is reoperated. Should the coin lodge in 
the hopper the pilot lamp will light to signal 
the operator, who may then repeat the key op- 
eration or otherwise dispose of the situation. 
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Position Relay Equipment 


A view of the relay equipment required for 
each operator position is shown in Figure 37. 
This unit is “jacked-in” to permit ease of main- 
tenance and facilitate trouble shooting. A 
special test bracket (located at the bottom of the 
base) contains a ten point test jack, pilot lamp, 
busy key and test toggle switch. The unit (a 
standard operator position circuit) is required 
without modification, for either a CLR, special 
delay, combination CLR and inward or training 
position. If the position is for CLR operation, 
only the one unit is required; if for special de- 
lay, an additional small relay group is provided 
external to the position relay equipment. The 
combination CLR and inward position also re- 
quires a small external relay group. When a 
training position is to be equipped, an addi- 
tional small unit-mounted relay group is re- 
quired. ‘Thus, a certain amount of standardiza- 
tion has been achieved on a rather intricate 
device with no loss of flexibility, and additional 
services can be added to a basic unit without 
space or cost penalty. 

The link relay equipment shown in Figure 
38 is “‘jacked-in” for convenience with only one 
type of link circuit used for all positions. In 
addition to reliable operation, economy is a 
prime factor in design. An example is the de- 
sign of the links and positional equipment. In 
an installation of 192 positions, with seven links 
per position, 1344 links are equipped. With 
so many links and such a relatively small number 
of positions, functions of the links were, when- 
ever possible, designed into the positional equip- 
ment. As can be seen by comparing Figure 37 
and 38, this procedure resulted in a relatively 
small and simple link circuit required in large 
quantities, and a large, more complex, position 
circuit only one of which is required per position. 


Type of Calls Handled 


Incoming calls may be regular CLR (“O” level 
calls) , paystation CLR, ringdown, inward or de- 
layed. When only regular and special delay 
positions are provided, all of these calls may be 
handled by the regular position, with the ex- 
ception of a delay call, which must be answered 
by a special delay position. The special delay 
position is also capable of handling calls an- 








swered by the regular position, but will nor- 
mally give preference to special delay calls. 


If combination CLR and inward positions 
are employed, then the regular position will 
answer only CLR calls and the combination 
position will handle both CLR and inward 
trafic. Inward traffic is normally answered in 
preference to the CLR by the combination posi- 
tion; special delay positions will function here 
to handle delay traffic in preference to CLR or 
inward traffic. However, with no special delay 
trafic waiting, the special delay position will 
handle CLR or inward traffic. 


Incoming Call (see Figure 39) 


A feature of the position circuit is the method 
employed for indicating a free link of an idle 
position. ‘The operator position equipment 
(arranged for automatic answer) does not re- 
quire operator assistance to receive an incoming 
call; all calls are distributed automatically 
among the operators and are brought into a 
free link of an idle position with no effort on 
the operator’s part. If the position is staffed 
and the operator is not engaged with an active 
link, or monitoring, then a 500 ohm stopping 
battery in the position circuit appears on the 
(STO) leads of all the link circuits of that 
position. If the link is idle, this 500 ohm stopping 
battery will be extended to the link (CR) lead 
as a stopping condition for trunk rotary switches. 


When a trunk circuit finds a stopping bat- 
tery, a Momentary operating ground is sent for- 
ward from the trunk circuit to the position and 
operates relay STO, which begins the seizure 
cycle in the position and link circuits. ‘The 
momentary ground also busies the position cir- 
cuit to other trunk circuits searching for links. 
by the time the momentary ground has been 
removed in the first trunk circuit, the position 
circuit removes the 500 ohm stopping battery, 
and it is completely safe from intrusion. 


If two or more trunk circuits find the same 
idle link simultaneously then, because of a 
marginal relay in the trunk circuit, they will 
not “switch through” to seize the position, but 
will continue to hunt for a link. 


Because of the arrangement of the links with 
lation to their associated position (they are 











all connected to the same common stopping bat- 
tery in the position circuit as shown in Figure 
39), two or more trunk circuits attempting 
simultaneously to stop on the same link, or two 
different links of the same position, will be 
equivalent. In either case the two trunk circuits 
will not seize a link but will continue hunting. 


Switching Through to a Link 


When the rotary link finder stops on an idle 
link the rear of the link is seized and is associated 
with the “calling” party. Upon seizure, the op- 
erator receives a warning zip-zip tone in the 
headset. ‘The link busy lamp (at the operator 
position) will flash at a 60 i.p.m. rate to indicate 
that the positional equipment is now connected 
to that particular link; the common engaged 
rear lamp will light to indicate that the rear of 
the attached link has been seized and is “en- 








Figure 38. Link Relay Equipment 


gaged”. The operator talking circuit is connect- 
ed to the attached link and the incoming call 
can be served. Again it should be noted that 
no action was required on the part of the op- 
erator to bring a call into the position. 


Let us consider for a moment the reason for 
giving certain lamp indications. As previously 
described, with a cord type toll board the oper- 
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ator can see if the front or rear of a cord circuit 
is plugged into the jack of a trunk circuit and 
therefore, engaged. Also the operator can see 
which cords are plugged in and, therefore, which 
cord circuits are busy. 


With the automatic cordless toll board, a busy 
lamp (per link) lights to indicate which ones 
are busy. When the operator is actively connect- 
ed to a link circuit, the corresponding link busy 
lamp will flash (at 60 1.p.m.) and then the com- 
mon engaged rear and engaged front lamps will 
indicate if a connection is established on the rear 
or front of that link (rear or front engaged) . 


Returning to the incoming call to the oper- 
ator position, if the call originates from a pay- 
station CLR trunk, when the idle position is 
found, the warning zp-zzp tone is followed by 
an overlapping identity tone for approximately 
two seconds. A common identity lamp on the 
kevshelf flashes at a 30 i.p.m. rate as long as the 
link is associated with this position. If the call 
is an inward or ringdown call, the common iden- 
tity lamp on the operator keyshelf will light 
steadily. 


These signals serve to identify the type of call 
connected to the automatic toll board operator 
position so that the call can be answered and 
processed properly. If the operator temporarily 
disconnects from a link and subsequently recon- 
nects, the identity lamp will again indicate the 
type of call connected to the link. For example, 
if the operator reconnects to a link because the 
calling party is flashing for attention, and the 
call is made from a paystation, the identity lamp 
flashing at 30 i.p.m. will remind the operator 
that additional deposits may be required. 


Setting Up the Front of the Link 


When an incoming call is connected to the rear 
of the link, one of the sender control circuits 
automatically searches for a sender, and upon 
seizure, a sender lamp lights on the operator 
keyshelf (the sender lamp is an indication that 
a sender has been connected to the link) . There 
are two sender lamps, 1 and 2, one for each 
of the sender controls. 


All connections are made on the automatic 
toll board by keying in information for stepping 
“trunk selector” switches. In most cases the oper- 
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ator will extend a call to its destination; there- 
fore, whenever an incoming call is brought into 
a position, a sender is automatically connected to 
the seized link. With the sender circuit auto- 
matically attached to the front of the link, the 
operator may key in digital information as re- 
quired. 

To review the incoming call operation: a call 
is brought into the operator position, and the 
zip-zip tone alerts her to this fact; the identity 
lamp gives an indication of the type of call; a 
sender circuit is connected to the seized link and 
stands ready to receive keyed information to set 
up the front of the link switch train through the 
permanently connected selector switch; a sender 
lamp lights informing the operator that a sender 
circuit has been connected to the link; the link 
busy lamp flashes on the seized link; the engaged 
rear lamp lights indicating that the rear of the 
link is engaged. This all takes place without 
operator assistance. 


When the operator keys digits into the sender 
via a sender control circuit, the sender stores the 
digits and sends them out, in sequence, and at 
correct pulsing speed, with a sufficiently long 
interdigital period. When all required digits 
are keyed in, the operator presses the sender dis- 
connect button to condition the sender and send- 
er control to automatically release after all digits 
have been transmitted. 


When a called party has been reached and the 
sender disconnected, the operator rings by oper- 
ation of the ring front key. ‘This affords a con- 
trolled ring to the operator. The operator talk- 
ing circuit is connected to the called point (in 
addition to the calling party) upon release ol 
the sender. Subsequent operation of the position 
disconnect key will disconnect the operator posi- 
tional equipment from the associated link. Since 
the link is now busy, but not connected to the 
position, the link busy lamp will stop flashing 
and will become steady. 


Link front and link rear supervisory lamps 
supervise the connection that the link has estab- 
lished. With the calling and called parties talk- 
ing, the condition at each end is “off-hook”; 
supervisory lamps are not lighted. When either 
of the parties disconnect, a corresponding super- 
visory lamp lights. To release the connection, 
the operator presses the link release push key. 
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Automatic Ring 


On the call described above, when the operator 
sets up the front of the link the sender could be 
released with a combination key, (the sender 
automatic ring key). This releases the sender 
and conditions it to send out an automatic ring- 
ing pulse after the called party is reached. Subse- 
quent release of the operator position is accomp- 
lished by operating the position disconnect key. 


There exists a third method for releasing the 
sender, a combination position and sender dis- 
connect key. This type of sender release may be 
used advantageously where the operator has no 
further cause to stay with a call after keying up 
the number. An example of this is a straight- 
forward station-to-station type call where the 
operator can follow the progress of the call by 
observing the link supervisory lamp. 

When the position and sender disconnect key 
is operated, the sender is conditioned to release 
and provide automatic ringing. At this time the 
position is disconnected from the link and the 
operator is made available for further work or 
to receive incoming calls, even while the sender 
is still setting up the previous call. ‘Thus, the 
operator may perform overlap operations by 
working with another link before the previous 
call is completed. This also explains why two 
sender control circuits are associated with each 
operator position, thereby permitting one oper- 
ator to do overlap work by using two senders at 
the same time. 


Releasing the Call, and Recall 


If the operator wants to reconnect to an en- 
gaged link (e.g., because of a flashing recall from 
one of the parties which flashes one of the link 
supervisory lamps), the non-locking talk key 
is momentarily operated. ‘The operator position- 
al equipment is again tied in with the link and 
connection is made to either one or both parties. 
The link busy lamp flashes at 60 1.p.m. to indi- 
cate that the positional equipment is connected 
to the particular link and, in addition, the iden- 
tity lamp indicates the type of calling trunk 
associated with the link (regular CLR, dark 
lamp; paystation CLR, flashing lamp; ringdown 
or inward, lighted lamp). 

When the operator receives disconnect super- 
vision (link supervisory lamps Jighted) , the con- 
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nection is released by pressing the link release 
push key. 


Error Key Operation 


Should an error be made during keying-in 
operations as previously described, operation of 
the error key will automatically release the sender 
circuit, dropping the switch train that was being 
set up. Another sender circuit will be immedi- 
ately connected to the link by the other sender 
control circuit and the keying-in operations can 
be repeated. 


Automatic Answer Cutout 


Up to now we have discussed, among other 
features, how efficiently calls could be handled 
with no motion wasted on the part of the oper- 
ator. ‘The automatic answer of incoming calls 
illustrates this point. However, an occasion may 
arise when the operator may want to cut out the 
automatic answer feature and thus be temporar- 
ily unavailable to answer incoming calls. (This 
may be desired by a special delay operator pre- 
paring tickets for example, or a less experienced 
operator who should have brief relief periods 
between consecutive calls) . 


To accomplish this, operation of the automatic 
answer cutout turn key will block that position 
to all incoming calls. When the operator is ready 
to receive a call, the accept call key is operated 
and a call can be brought into the position. 
When the call is disposed of, the position is again 
made busy to other incoming calls. Restoration 
of the automatic answer cutout key will make 
the position continuously available to automatic 
answering of incoming calls. 


Answer Disconnect 

There is another occasion when an operator 
desires to temporarily deny incoming calls. An 
example of this may occur when the operator 
is actively engaged on a link. If now, a recall 
signal is given on another link, the operator is 
to return to this link when she is finished with 
her present link. When the first link is discon- 
nected by operation of the position disconnect 
key, the “‘talk’”’ key should be operated, to become 
re-engaged with the re-calling link. How- 
ever, since incoming calls are automatically dis- 
tributed to positions, a new call may be connect- 





























































ed to this operator before she operates the link 
talk key. If this occurs, delay is encountered in 
returning to the re-calling link. 


The common “answer disconnect” key may 
be used advantageously in the above case. If the 
operator disconnects from the initial link by 
operating the answer disconnect key, the position 
is made busy to incoming calls. The recalling 
link may be re-engaged and upon a subsequent 
disconnect, the position is returned to automatic 
answering. 


Dial Rear Operation (see Figure 41) 


Operation of the automatic toll board has been 
discussed up to this point in connection with 
the handling of incoming calls. However, in ad- 
dition to receiving incoming calls, the operator 
has many occasions to originate a call — for 
example, a delayed call. In this case, the special 
delay operator will have all information perti- 
nent to the call and will proceed with a subse- 
quent attempt. 


Common to each group of a maximum of ten 
operator positions are a group of two-motion 
Strowger type switches known as “dial rear” find- 
ers. (Their operation is similar to ordinary 100 
point linefinders.) ‘The links of an operator po- 
sition all have appearances on the same level of 
the switch bank. This means that a maximum 
of ten links on an operator position may be 
connected to the dial rear finder level. 


A 25 outlet rotary type distributor switch and 
group relays are associated with each group of 
dial rear finder switches. The distributor switch 
is arranged to pre-select an idle dial rear finder. 


To originate a call, the operator momentarily 
operates a common “dial rear key’. This imme-. 
diately busies the operator position to incoming 
trafic, and signals the dial rear group relays and 
a pre-selected dial rear finder switch, causing it 
to find an idle link of the operator position re- 
quiring service. The dial rear finder switch steps 
vertically until a ground marking is found on 
the vertical bank of the switch. This level mark- 
ing ground is placed on the switch corresponding 
io the level where the operator links appear. 


The dial rear finder will now step horizontally 
searching for a 500 ohm resistance battery cor- 
‘esponding to an idle link of the operator wish- 


ing to originate a call. When an idle link is 
found, the distributor switch and group relays 
become free of the dial rear finder and are avail- 
able to function with other dial rear finders. The 
finder is now attached at the rear of the link. 
Permanently connected ‘“back-to-back’”’ to the 
dial rear finder is a selector which is ready to 
accept pulses from a sender circuit. 

Operation of the position dial rear key also 
caused the sender control circuit to automatic- 
ally hunt for a sender circuit. 


When the sender is attached to the rear of 
the link the sender lamp lights. In addition, the 
engaged rear lamp will flash at a 60 i.p.m. rate 
as an indication that the operator is engaged in 
a dial rear operation. ‘The operator keys in digits 
into the sender which will set up the switch train 
over the rear of the link through the aforemen- 
tioned dial rear selector. 


When digits have all been keyed, the operator 
releases the sender, either with the sender dis- 
connect key or the sender automatic ring key as 
described previously. The sender and sender 
control are immediately disconnected from the 
position while continuing to set up the call 
through the rear of the link. 


Overlap Operation 


The second sender control automatically calls 
for another sender from the pool when the sender 
disconnect key is operated, and this second send- 
er will now be associated with the other side 
(front) of the same link. When the second 
sender lamp lights, the operator begins keying up 
the front of the link. This permits overlap oper- 
ation so that the front of the link may be set 
up at the same time as the rear. The release of 
the sender setting up the front of the link can 
likewise be accomplished either with the sender 
disconnect or with the sender automatic ring key. 


There is another occasion for overlap opera- 
tion. As mentioned previously, when the oper- 
ator releases a link with the position and sender 
disconnect key, the position may receive another 
incoming call while the sender equipment con- 
tinues to set up the preceding call. It is then 
possible to set up the second link simultaneously 
with another sender while the previous one is 
still on its way. This gives an overlapping sender 
operation over two links. 
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Delayed Call 


If a delayed call is to be set up by the special 
delay operator and the calling party number re- 
quires a ringing digit (digit used to select the 
ringing code or frequency) the operator may key 
up the calling party by dial rear operation, key- 
ing in all but the ringing digit. In this manner 
the calling party line is seized but not rung. 


The front of the link is used to set up the 
called party; when this is done, the operator sig- 
nals the calling party that the call has been estab- 
lished. ‘To do this the final digit must be sent 
out on the rear of the link. This is accomplished 
by operation of the reconnect rear key which 
causes a sender control circuit to reconnect a 
sender circuit to the rear of the link, and by 
keying in the last digit to ring the calling party. 


A reconnect front key functions in a similar 
way to reconnect a sender to the front of the link 
being worked on. Either key may be used to at- 
tach a sender to a link circuit to complete a par- 
tially set-up switch train. 


Other Positional Keys 


Other keys are associated with the operator 
position in addition to those mentioned above. 
The cut-off front, cut-off rear key is a splitting 
key for enabling the operator to talk to one party 
without being heard by the other. Coin collect 
and coin return front and rear keys are used for 
paystation work to collect and refund coins over 
the front and rear of the link, respectively. 


Ring front and ring rear keys are employed 
for ringing or re-ringing purposes. Release front 
and release rear keys are used to enable the 
operator to release either the front or rear of the 
link while retaining the other side. ‘This release 
key may be employed if the calling party wishes 
to place several calls, one after the other. After 
one call is completed the operator may release 
the called side and set up the next call. 


A positional monitor front and monitor rear 
key is provided to enable the operator to monitor 
the front or rear of the link while the sender is 
setting up a call and thereby investigate the 
progress of the call. 


If operating difficulty occurs which interferes 
with the proper operation of a sender control 
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circuit, a sender cut-off | or sender cut-off 2 
key may be operated (whichever is applicable) . 
This busies out one of the two sender control 
circuits and the other will be used for all future 
operations. Under this condition, overlap send- 
ing is not possible. 


A special cut-in key is provided to override a 
posted delay condition. When traffic within a 
toll group becomes congested, the control con- 
sole supervisor places the group on posted delay. 
This means that all circuit requests must be 
placed with a special operator who _ processes 
these one at a time. When the toll group is 
placed on posted delay, it remains inaccessible 
even if an idle trunk is available within the 
group. However, the special operator must be 
able to override the posted delay condition to 
complete calls when circuits become available. 
To do this, prior to the actual keying in opera- 
tion the cut-in push key is operated. 


Monitoring into an existing connection can 
be done by operating the link monitoring key. 
This permits the operator to listen in without in- 
terfering with the conversation. 


If the operator desires to overlap the talking 
circuits of two links, this can be done by operat- 
ing the talk key of one link, thereby connecting 
it to the position, and then operating the moni- 
tor key of the other link. 


Position Grouping 


To vacate an automatic toll board position at 
night, a position grouping key is operated by the 
operator preparing to leave, thereby transferring 
key functions to the adjacent or “transferred to” 
position. 


This permits the “transferred from’ position 
to be vacated and still enables any of the busy 
links on that position to get service from the 
“transferred to” position if so desired. Any addi- 
tional calls coming into the two grouped posi- 
tions will be brought into the staffed one in 
preference to the grouped (vacated) position 
until all of its links are exhausted. On segregated 
service, if the “transferred to” position does not 
have all the facilities for handling the type calls 
normally handled by the “transferred from” posi- 
tion, then additional incoming traffic of this type 
would be brought into the “transferred from” 








position even though the staffed position has idle 
links available. 


Combination Positions 


A schematic representation of preference given 
a IX call (from TX trunk) over a CLR call is 
illustrated in Figure 40. Each combination posi- 
tion, such as special delay, has a CLR cut-out and 
TX cut-out locking turn key. Normally some of 
the positions are available for handling either 
CLR or TX type calls. As shown, each link cir- 
cuit has two separate access points to the position 
circuit and stopping battery. When the position 
is required to handle only one type of call, only 
one access point (STO1) is used. However, on a 
special delay position the TX call has preference 
over a CLR call. This is discussed under section 
on Call Distribution. 

If no IX calls are waiting and the operator is 
available, an incoming CLR call will have a 
stopping battery extended. If a IX call requires 
service, the special delay distribution circuit will 
open the STO 2 lead, preventing the CLR trunk 
from stopping. By operation of the CLR cut-out 
key, the operator can make a position available 
lor only TX calls. Similarly, operation of the 
TX cut-out key will busy the position to TX 
trafhc and make it available only to CLR calls. 
If both keys are inadvertently operated the posi- 
tion will still be available to CLR calls. 








Training Positions 


Some positions are fully equipped to handle 
regular trafic, and by operation of a training key 
they may also be used exclusively for training. 
The training positions are grouped as three ad- 
jacent positions—one teacher between two stu- 
dents. During training periods, the training key 
is operated on all three positions, busying them 
out to regular incoming traffic. 


Training traffic is set up over special training 
trunks by keying in special vacant selector codes. 
Only one type of training trunk is used, which is 
a ‘stripped down” version of a regular trunk 
and which simulates all types of calls (regular 
CLR, paystation CLR, ringdown and interposi- 
tion) depending on the point of access from the 
selector bank. As an example, the teacher can 
set up a training call to a student to simulate a 
call from a paystation CLR trunk. Then by ob- 
serving the techniques employed by the student 
and also coin signals, flashing lamps, tones, etc. 
the teacher can aid the student to become more 
proficient. 


A 5 db. or 15 db. lever key may be operated by 
the teacher to give the student an impression of 
a call that has a 5 db. or 15 db. loss. 


During periods of congestion, all training posi- 
tions can be made available to normal incoming 
traffic by restoring the training key to normal. 
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